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No.  770. 


EFFECT   OF  DEPTH   UPON    ARTIFICIAL    WATER- 
WAYS. 


By  Thomas  C.  Clarke,  M.  Am.  Soe.   C.  E. 
Pbesentkd  October  16th.  1895. 


WITH  DISCUSSION. 

In  examining  the  question  of  deep  waterways  between  the  lakes  of 
this  country  and  the  ocean,  the  author  has  collected  some  facts  of  a 
general  engineering  interest,  which  he  now  j^resents  to  the  Society. 
The  question  of  first  cost,  the  interest  on  which  is  represented  by 
tolls,  will  be  disregarded,  and  the  inquiries  will  be  confined  to  ascer- 
taining the  cost  of  transportation  alone,  taking  the  case  of  the  Up]>er 
Lakes  and  Erie  Canal  between  Chicago  and  New  York  as  an  example. 

To  ascertain  the  cost  of  transportation  on  this  system  these  data 
are  necessary  : 

Firs/.— The  number  of  trips  which  steamers  and  barges  can  make 
during  the  season  of  navigation.  This  depends  upon  the  possible 
speed  in  artificial  waterways.  The  number  of  trips  per  season  also  de- 
pends upon  some  other  matters  which  do  not  afiect  this  discussion ; 
such  as  the  number  and  character  of  the  locks,  the  length  of  detention 
in  port,  etc. 
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Second.  ^The  yearly  cost  of  operating  and  maintaining  large 
steamers,  also  of  steam-towed  barges. 

Third. — The  receipts  per  triji  must  be  equal  to  the  amount  of  an- 
nual expenses  divided  by  the  number  of  trij^s,  to  prevent  loss.  For 
the  sake  of  comparison  the  amount  of  receipts  per  trip  will  be  equally 
divided  between  the  receipts  from  grain  going  east,  and  merchandise 
going  west.  The  cost  of  carrying  grain  will  be  ascertained  by  multi- 
plying the  number  of  bushels  carried  per  trip  by  a  rate  which  will 
make  up  a  half  of  the  expenses  per  trip.  Such  rates  will  always  be  a 
little  less  than  the  actual  rates,  as  shippers  must  jjrovide  for  the  con- 
tingencies of  light  cargoes.  As  the  rule  is  equally  applied  to  all  the 
conditions  of  depth,  the  comparison  will  be  a  fair  one. 

Transportation  between  Lakes  Superior,  Michigan,  and  Erie  costs 
less  now  than  transportation  by  long  ocean  voyages,  as  the  vessels  have 
full  cargoes  both  ways  of  grain,  coal,  ore,  lumber  and  merchandise. 
They  do  a  local  business  in  addition  to  the  through  business,  which  is 
not  possible  on  the  ocean.  Hence,  people  say,  "If  we  could  only  get 
a  ship  canal  so  that  lake  vessels  could  go  to  New  York  without  break- 
ing bulk,  the  economy  of  transportation  would  be  extended  nearly  500 
miles  farther."  It  really  means  not  only  a  shij)  canal,  but  a  ship  canal 
of  such  dimensions  that  the  expensive  ship  shall  not  be  detained  too 
long  while  jDassing  through  it. 

The  conditions  will  now  be  examined.  All  of  these  are  known 
except  that  of  the  depth  of  water  under  the  keel  of  the  shij),  necessary 
to  enable  her  to  move  at  the  required  speed.  If  the  question  were 
simjDly  one  of  resistance  it  could  be  solved  mathematically,  but  there 
are  other  things  to  take  into  account.  The  Suez  Canal  when  opened 
was  27  ft.  deep,  and  vessels  loaded  to  25  ft.  draft  are  able  to  pass 
through  at  the  rate  of  4|  miles  an  hour.  If  the}'  try  to  move  faster, 
the  currents  of  water  jjassing  under  their  bottoms  to  replace  that 
driven  away  by  the  screw,  cause  them  to  lose  steerage  way,  and  the 
ship  takes  a  shear,  runs  her  nose  into  the  bank  and  stops  not  only  her- 
self, but  other  vessels.  Greater  width  would  help.  The  Suez  Canal  is 
now  being  dredged  5  ft.  deeper  and  widened.  It  is  hoped  that  speed 
can  be  increased  to  6  or  7  miles  an  hour  when  the  canal  is  deepened 
to  32.5  ft. 

As  a  type  of  a  lake  freighter,  the  new  steamer  Victory  will  be  taken. 
She  is  380  ft.  long  by  48  ft.  beam,  and  carries  a  cargo  of  4  000  net  tons' 
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at  14  ft.  draft;  5  000  tons  at  16  ft.,  6  000  tons  at  18  ft.,  and  7  000  tons 
at  20  ft.  Her  economical  rate  of  speed  on  the  Lakes  in  deep  water  is 
1.3  miles  an  hoiir. 

The  depth  of  lake  harbors  now  contemplated  by  the  United  States 
Government  is  20  ft.  Xo  port  but  South  Chicago  has  18  ft.,  the  rest 
having  not  much  over  16  it. 

Half  an  hour  will  be  allowed  for  lockages  in  a  ship  canal,  and  the 
same  for  a  fleet  of  barges.  Thirteen  days  will  be  assumed  as  the  time 
of  detention  in  port  in  all  cases.  This  time  seems  long,  but  is  neces- 
sary in  order  to  do  a  local  business  and  get  full  cargoes.  Better 
organization  and  machinery  for  handling  freight  would  shorten  this 

time. 

Ship  Canax,s. 

I. — Erie  Canal  deepened  to  18  ft.  to  admit  steamers  carrying 
5  000  tons  on  16  ft. draft.  Distance:  Chicago  to  Buffalo,  by  Lakes,  870 
miles;  Hudson  Eiver,  14.3  miles;  total,  1  013  miles.  At  13  miles  an 
hour;  time,  78  hours.  Canal,  3.50  miles;  speed  jjer  hour,  4  miles;  time, 
87.5  hours.  Lockages,  72  reduced  to  50,  at  one-half  hour  each,  25  hours. 
Total  time  in  motion,  190^  hours.  Round  ti-ip,  .381  hours,  or  16  days. 
Time  in  port,  13  days.  Total  round  trip,  29  days,  or  seven  trips  per 
season  of  seven  months. 

Estimated  Ercpenses.— 210  days  at  S250 S52  500 

Insurance  and  other  expenses 43  950 

Interest,  10%"  on  cost,  8200  000 20  000 

3116  450 

Estimated  Receipts  per  TVi/).— One-seventh  of  .S116  450  is  .?16  635,  half 
of  which  is  38  318.  The  ship  carries  5  000  tons  on  16-ft.  draft,  equal 
to  166  500  bushels  of  wheat,  the  rate  on  which  would  be  5  cents; 
this  would  be  38  325  on  166  500  bushels. 

II.— Erie  Canal  deepened  to  25  ft.,  to  admit  steamers  carrying 
7  000  tons  burden.  Speed  increased  on  canal  possibly  to  7  miles  an 
hour.  Distances:  Lakes  and  rivers,  1  013  miles,  at  13  miles  an  hour, 
78  hours.  Canal,  350  miles;  at  7  miles  an  hour,  50  hours.  Lockages, 
25  hours.  Total,  153  hours;  round  trip,  13  days.  Time  in  port,  13 
days,  or  26  days,  eight  trips  per  season. 

Estimated  Expenses.  —Allowing  for  extra  coal,  3120  000. 

Estimated  Receipts  per  Trip  Going  ^as/.— One-eighth  of  3120  000  is 
315  000,  and  one-half  of  that  is  37  500.     Ship  carries  7  000  tons  or 
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233  000  bushels,  wliich,  at  3.22  cents  per  bushel,  makes  $7  500,  Chicago 

to  New  York. 

Barge  CANAiiS. 

Cost  by  Lakes  to  Buffalo  and  by  present  Erie  Canal,  7  ft.  deep. 

in. — The  present  cost  of  conveying   grain  from  Chi- 
cago to  Buffalo  is 1.25  cents. 

Elevating  and  trimming  cargo  at  Buffalo 1.15      " 

Canal  to  New  York 2. 33      " 

Chicago  to  New  York 4. 73      " 

Actual  rates  from  4|  to  7  cents. 

rv. — Cost  by  Lakes  to  Buffalo  and  by  Erie  Canal  deepened  to  9 
ft.  Fleets  of  one  tug  and  five  steel  barges  loaded  to  7^  ft.  draft. 
Cargo,  1  500  tons. 

Erie  Canal,  350  miles.  Speed,  in  motion,  4  miles  an  hour.  Time, 
87i  hours.  Lockages,  all  locks  lengthened  for  two  boats,  15^  hours. 
Hudson  River,  143  miles;  speed,  6  miles  an  hour;  time,  24  hours. 
Time  in  motion,  127  hours.  Round  trip,  254  hours,  or  10.6  days; 
time  in  port,  12  days;  total,  22.6  days  round  trip.  Number  of  trips  in 
210  days,  nine. 

Estimated  Expenses.— 210  days,  at  .-^30 .f 6  300 

Insurance  and  other  expenses 7  700 

Interest  on  cost,  1Q%  on  $40  000 4  000 


Total  expenses $18  000 

Estimated  Receipts. — Full  cargoes  gi-ain  going  east,  50  000  bushels  at 
2  cents  is  §1  000  ;  going  west,  1  000  tons  at  $1,  $1  000.  Total,  $2  000 
by  nine  trips,  is  $18  000.  Total  cost  of  conveying  wheat  from  Chicago 
to  New  York  via  Buffalo  and  Erie  Canal,  when  deepened  to  9  ft.,  is: 

Chicago  to  Buffalo 1. 25  cents. 

Elevating 875  cent. 

Trimming 275     "        1.15      " 

Transportation  (canal) 2.00      " 

4.40  cents. 

An  examination  of  the  cost  in  the  third  and  fourth  cases  shows  that 
one  of  the  heaviest  charges  is  the  1.15  cents  per  bushel  due  to  trans- 
shipment.    Hence  the  loud  cry  for  ship  canals. 

v. — Is  it  not  possible  that  less  expensive  machinery  can  do  the 
business  on  lake  and  canal  ?     If  the  insurance  companies  will  insure 
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a  fleet  of  five  steel  barges  90x17^  ft.  and  loaded  to  6  ft.,  from  Buffalo 
to  Cleveland,  174  miles,  would  tliev  not  insure  a  fleet  of  four  steel 
barges  180  x  17*  ft.,  loaded  to  1'^  it.  draft,  from  Buffalo  to  Chicago  ? 
Such  a  fleet  coiild  jjass  the  Erie  Canal  deepened  to  9  ft.  and  with 
its  few  short  locks  lengthened. 

-  The  time  would  be  as  follows  :  Lakes  and  river,  1  013  miles  at  6 
miles  an  hour,  169  hours  ;  canal,  350  miles  at  4  miles  an  hour,  87.5 
hours;  lockages,  15.5  hotirs  ;  total  in  motion,  272  hours X 2  =  544 hours 
or  23  days.  Time  in  port,  13  days,  or  36  days  per  round  trip,  allowing 
six  round  trips  per  season. 

Exi^ense.s  calculated  on  same  basis  as  before,  estimated  at  824  000, 
to  cover  larger  mileage  and  more  coal  used. 

Estimated  i2ecet>te.— One-sixth  of  §24  000  is  S4  000.  and  one-half  is 
^2  000.  They  carry  2  400  tons,  or  80  000  bushels,  and  the  rate  should 
be  2^  cents,  to  make  S2  000. 

It  seems  to  the  author  that  the  proper  thing  is  for  the  people  of 
New  York  to  vote  for  the  9-ft.  enlargement  ;  and  the  fleets  of  barges 
running  on  both  Lakes  and  canal  must  follow.  The  profit  would  be  so 
great  that  a  very  high  rate  of  insurance  could  be  paid. 

Sttmmaey  of  Cost  of  Tkanspoktation,  Chicago  to  New  Yoek. 

I.   Ship  canal  18  ft.  deep,  no  transshipment 5       cents. 

n.  "  25         "  '•  ••        3.22      " 

III.  Barge   canal  and  Lakes,    7  ft.    deep,  including 

transshipment 4.73 

lY.   Barge    canal   and   Lakes  9   ft.    deep,   including 

transshipment 4.40 

Y.  Barge  canal  and  Lakes,  no  transshipment 2.5         " 

The  object  of  this  paper,  besides  the  usual  one  of  exciting  friendly 
discussion,  is  to  call  the  attention  of  the  profession  to  what  seems  to 
be  proved  in  the  foregoing,  that  a  ship  canal  ought  to  be  not  less 
than  25  ft.  deep,  if  it  be  intended  to  pass  large  lake  vessels  ;  and 
that  a  slight  enlargement  of  the  Erie  Canal  may  allow  fleets  of  steel 
barges  to  run  from  New  York  to  Chicago,  and  transport  freight  at  less 
rates  than  large  lake  vessels  could  do  in  a  25-ft.  ship  canal,  even 
if  it  were  used  free  of  tolls.  If  this  be  true,  why  are  ship  canals 
wanted  ?  In  the  judgment  of  the  author,  there  is  but  one  such  canal 
needed  ;  a  ship  canal  around  Niagara  Falls  on  our  o^vti  territory,  allow- 
ing upper  lake  vessels  to  reach  Lake  .Ontario  ports,  and  there  trans- 
ship by  rail  or  canal  to  New  York. 
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DISCUSSION. 


Ft.wap.t>  p.  Nobth.  M.  Am.  Soc.  C.  E.— While  there  probably  will 
be  substantial  unanimity  in  the  indorsement  of  that  part  of  the  paper 
■which  declares  for  a  canal  of  not  less  than  25  ft.  depth,  if  intended  to 
jjass  lake  Tesseb,  it  may  be  -worth  while  to  examine  the  strongly 
tirged  alternative — a  canal  of  no  greater  width  of  locks  than  at  present, 
with  only  8  ft.  on  its  mitre-sills  and  9  ft.  ia  its  fairway.  This  canal, 
according  to  the  present  State  Engioeer.  Mr.  C.  W.  Adams,  will  allow 
an  increase  of  tonnage  from  250  to  300  tons  per  boat,  a  matter  of  one- 
fifth  ;  but  as  all  of  the  locks  are  to  be  so  lengthened  that  they  will 
chamber  two  boats,  the  theoretical  increase  of  business  to  be  done 
on  the  c-anal  will  not  be  from  3  144144  to  3  772  973  tons,  but  to 
about  7  500  000  tons.  This  would  be  an  iQcrease  of  some  60%  over 
the  tonnage  of  1880,  the  year  of  greatest  traflfic.  But  the  same  forces 
which  have  reduced  the  tonnage  on  the  Erie  Canal  from  4  608  651  tons  in 
1880  to  3  144  144  in  1894  wiQ  doubtless  continue  in  operation,  and  it  is 
probably  safe  to  predict  that  the  canal  enlarged  as  urged  will  not  de- 
liver 5  000  000  tons  of  western  and  local  freight  to  the  city  of  New 
Tork  any  two  consecutive  years. 

The  proposition  is  in  effect  to  maintaia  a  stricture  350  miles  long 
between  the  40  000  000  or  50  000  000  tons  of  lake  transportation  and 
the  60  000  000  or  70  000  000  tons  of  shippiag  that  crosses  the  harbor 
and  bay  of  Xew  York — a  narrow  and  inadequate  channel,  through 
which  the  5  000-ton  cargoes  of  lake  vessels  are  to  be  dribbled  in  300- 
ton  lots  to  meet  10  000-ton  sea  carriers.  Shippers  are  asked  to  be  sat- 
isfied with  locks  that  will  chamber  two  boats;  whereas,  a  canal  that 
would  pass  the  25  000  000  tons  naturally  seeking  interchange  lx;tween 
the  waters  of  the  Hudson  and  Lake  Erie  would  chamber  20  boats 
of  the  same  size.  At  the  Sixth  International  Inland  Navigation  Con- 
gress ^Ix.  C.  H.  Stieltjes  showed  that  boats  of  6.5  ft.  draft  were 
allowed  a  speed  of  9.3  miles  per  hour  in  the  ship  canals  of  Holland  ; 
and  American  shippers  are  asked  to  be  satisfied  with  a  possible  maxi- 
mum speed  of  4  miles  per  hour. 

The  establishment  and  maintenance  of  such  great  frictional  resist- 
ance to  the  interchange  of  commodities  between  the  producing  and 
consuming  centers  of  this  country  is  advocated,  in  part  at  least,  by 
many  in  this  State,  for  the  sake  of  the  charges  that  can  be  levied  on 
the  passing  traffic,  to  judge  from  a  sentence  in  the  last  report  of  the 
Stat«  Superintendent  of  Canals,  which  reads: 

"It  is  clearly  evident  that  the  duty  of  the  Legislature  will  be  to 
provide  the  means  for  the  construction  of  the  largest  possible  canal, 
intended  for  the  navigation  of  boats  of  such  construction  as  will  be 
able  to  navigate  the  inland  waters  of  this  State,  discharging  and  receiv- 
ing their  cargoes  at  Buffalo  and  New  York,  or  other  intermediate 
points. " 
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If  that  does  not  imply  a  continued  burden  on  the-  production  and  Mi.  North, 
consumption  of  the  United  States  in  favor  of  a  few,  the  words  quoted 
are  misleading.  The  spirit  that  dictated  that  sentence  recalls  the 
early  part  of  the  seventeenth  century,  when  Henry  TV  found  it  neces- 
sary to  forbid  the  clergy  of  France  tolling  the  water-borne  provisions 
6)1  route  to  Paris.  It  is  further  opposed  to  any  adequate  conception  of 
the  true  function  of  transportation. 

The  easily  recognizable  beneficence  of  transportation  through 
ample  channels,  and  with  free  competition,  is  a  lower  charge  for  the 
service;  but  as  all  costs  for  transportation  must  be  taken  in  some  ratio 
from  the  gains  of  both  producer  and  consumer,  any  lowering  of  the 
cost  of  freightage  is  a  direct  contribution  to  the  wealth  of  the  com- 
munitv  in  which  it  occurs  and  enables  that  community  to  both  draw- 
its  supplies  and  exchange  its  commodities  over  a  larger  area.  It  is  the 
low,  or  comparatively  low,  cost  of  assembling  the  raw  materials  for 
manufacture  or  consumption,  and  distributing  the  finished  products, 
that  governs  the  locations  of  the  great  centers  of  manufacture  and  con- 
sumption. 

Industrial  history  shows  this  to  have  been  true  all  over  the  world. 
Holland  easily  took  the  primacy  in  manufacturing  from  the  Italian 
cities  while  they  were  still  financial  centers  through  its  use  of  the 
many  mouths  of  the  Khine  and  the  Maas,  where  they  scatter  them- 
selves through  the  low  country,  and  it  held  that  primacy  until  England 
commenced  improving  its  water-courses,  and  for  some  time  after- 
ward. This  fact  has  been  greatly  obscured  by  the  success  of  the 
British  Navigation  Act.  passed  in  1651.  That  act,  doubtless  aided  by 
the  attacks  of  Louis  XIY,  broke  the  maritime  power  of  the  Dutch 
within  50  years,  and,  "  under  God's  good  providence,"  has  done  more 
to  extend  the  wealth  and  influence  of  the  English-speaking  people 
than  all  other  legislative  enactments. 

But  the  English  commenced  the  improvement  of  their  roads  as 
earlv  as  the  reign  of  Henry  VIII,  when  an  act  was  passed  for  the  better 
government  of  the  religious  houses  and  the  mending  of  the  highways. 
In  the  time  of  Elizabeth  the  first  canal  act  was  passed,  but  the  great 
flood  of  canal  bills  did  not  come  in  until  1758,  when  Brindley  com- 
menced building  canals.  These  canals  immediately  reduced  the 
freight  rates  in  England,  more  particularly  in  the  manufacturing 
counties,  to  from  one-third  to  one-fourth  of  what  they  had  been  pre- 
vioiTsly,  and  they  made  England  the  mantifacturing  country  that  it 
has  been  since. 

As  pointed  out  by  a  prominent  economist,  it  was  the  power  to 
manufacture  that  enabled  England  to  subsidize  her  allies  on  the  Con- 
tinent during  the  Napoleonic  wars,  because  the  gold  they  received 
from  Britain  came  back  to  that  country  for  manufactured  goods.  Dur- 
ing the  whole  period  of  these  wars,  England  increased  in  wealth.    A  like 


8  DISCUSSION   ox    DEPTH    OF    ARTIFICIAL    WATERWAYS. 

Mr.  North,  effect  was  seen  in  the  Dutcli  war  for  independence,  as  Philip  had  no 
other  place  to  go  for  manufactured  goods  and  munitions  of  war  than 
Holland,  and  the  very  exertions  which  he  made  to  conquer  the  Dutch 
added  to  their  wealth,  so  that  at  the  close  of  -the  war,  Spain,  although 
it  drew  on  the  wealth  of  America  and  the  Indies,  was  impoverished, 
while  the  Dutch  were  rich.  It  was  Brindley,  with  his  coadjutors  and 
successors,  who  sent  Napoleon  to  Elba  and  Helena,  rather  than  British 
soldiers  anel  statesmen. 

In  1830,  when  England  left  off  canal  building  and  commenced  her 
railway  construction,  she  had  more  miles  of  canal  and  improved  water- 
ways per  given  area  than  the  United  States  now  has  of  railroads.  Her 
very  rapid  railway  building  up  to  1847  confirmed  her  position  as  a 
manufacturing  nation,  and  it  was  thoiight  for  years  that  that  position 
was  unassailable.  A  great  American  authority  on  iron  manufacture 
said  in  1870  that  Great  Britain  was  making  more  than  half  the  iron  of 
the  world,  and  she  would  probably  continue  to  do  so.  As  a  matter  of 
fact,  in  1870,  the  total  production  of  iron  was  about  11  000  000  tons, 
and  England  made  54 j^^  of  this;  the  United  States  made  15 "5,  and 
Germany  made  10.5  per  cent.  But  in  1890  the  production  of  the  world 
was  about  25  000  000  tons;  the  United  States  made  S7%,  Great  Britain 
made  Sl%,  and  Germany  made  18  per  cent.  He  did  not  comprehend 
the  influence  of  this  then  rapidly  diminishing  cost  of  transportation 
in  the  United  States. 

The  rate  of  transportation  in  Great  Britain  for  nearly  fifty  years  has 
not  been  noticeably  reduced.  It  is  virtually  as  high  now  as  it  was  in 
1846.  There  is  not  in  Great  Britain  a  canal  or  a  water  course  that  is 
not  in  the  hands  of  a  railway  company,  a  trust,  or  a  private  corpora- 
tion; tolls  are  charged  on  every  one,  and  very  few  have  been  enlarged 
or  improved.  It  now  costs  about  as  much  to  get  a  bill  through  Parlia- 
ment for  a  mile  of  railway  as  it  costs  in  this  counti*y  to  build  a  mile  of 
railroad.  In  the  meantime,  other  countries  have  increased  the  size  of 
their  waterways,  have  made  them  free,  and  effected  noticeable  reduc- 
tions in  freight  rates.  Up  to  about  1870  the  British  had  the  advantage 
of  the  lowest  internal  freight  rates;  they  held  their  primacy  in  manu- 
facturing and  controlled  the  price  of  finished  products.  To-day,  no 
manufacturei's  pay  as  high  a  rate  per  ton-mile  for  assembling  raw 
materials  and  distributing  finished  products  as  the  British,  and 
Americans  pay  the  lowest  rate.  In  spite  of  the  former's  ownership  of 
between  60  and  70%"  of  the  world's  effective  ocean  tonnage,  they  have 
given  up  the  first  place  as  manufacturers  to  the  United  States,  and  are 
now  fighting  with  Germany,  which  is  enlarging  its  waterways  and 
building  new  canals,  to  retain  the  second  place. 

Apparently  no  English  engineer  has  felt  called  on  to  say  publicly 
what  some  have  said  to  the  speaker.  If  Great  Britain  is  to  continue  to 
approximate  to  even  its  old  position  as  the  chief  servant  of  the  world, 


DISCUS5I0X    OX    DEPTH    OF    ARTIFICIAL    WATERWAYS.  9 

it  must  uatioualize,  free  and  enlarge  its  canals.     This,  however,  is  held  Mr.  North, 
to  be  impossible  while  the  power  of  capital  invested  in  railways  i-etains 
its  intinence  in  Parliament. 

Mulhall  puts  the  average  railway  freight  rate  in  Great  Britain  at  2.8 
cents  per  ton-mile.  This,  it  should  be  noted,  is  a  matter  of  estimate,  as 
the  railway  managers  of  that  country  prefer  not  to  make  returns  of  their 
ton-mileage.  There  has  been  no  appreciable  change  in  British  freight 
rates  for  nearly  fifty  years,  for  although  a  parliamentary  commission 
lately  reduced  the  posted  rates,  the  classification  was  altered  so  that  in 
some  instances  the  rates  were  increased.  In  this  country  the  average 
freight  rate  in  1865  was  probably  very  near  4  cents  per  ton-mile,  and 
now  it  is  about  9  mills,  or  less  than  one-fourth  of  what  it  was. 

Neither  the  ton-mileage  nor  the  average  freight  rates  for  the  whole 
country  was  ascertained  until  1882.  For  that  year  and  for  subsequent 
years  both  have  aj^peared  in  "  Poor's  Manual."  They  commence  with 
39  302  209  249  ton-miles  carried  at  an  average  charge  of  1.236  cents, 
and  end  with  82  289  400  498  ton-miles  carried  at  an  average  charge 
of  0.851  cent  (see  Fig.  1).  From  1865,  however,  "Poor's  Manual  "  for 
some  time  has  compiled  the  ton-mileages  and  rates  of  two  gi-oups  of 
railroads,  the  Boston  and  Albany,  the  New  York  Central  and  Hudson 
Eiver,  the  Erie,  the  Pennsylvania  Central,  the  Pittsburg,  Fort  Wayne 
and  Western,  the  Lake  Shore,  and  the  ]\lichigan  Central,  designated 
on  the  diagram  as  the  seven  trunk  lines;  also  the  Illinois  Central,  the 
Chicago  and  Alton,  the  Chicago,  Rock  Island  and  Pacific,  the  Chicago. 
Burlington  and  Quincy,  the  Chicago  and  Northwestern,  and  the  Chi- 
cago, Milwaukee  and  St.  Paul,  designated  as  the  six  western  roads. 
The  same  diagram  also  contains  the  freight  rates  charged  on  all  Mas- 
sachusetts roads  for  1871  and  subsequent  years,  with  the  ton-mileage 
from  1872.  These  roads  cover  mileage  outside  of  the  commonwealth 
which  is  owned  or  leased  by  and  forms  parts  of  Massachusetts  roads; 
the  lines  radiate  into  nearly  all  New  England. 

It  will  be  noticed  that  in  the  case  of  both  the  trunk  line  and 
western  groups  the  freight  rates  have  been  decidedly  lower,  and  have 
fallen  faster,  than  on  the  Massachusetts  roads.  Although,  as  "  Poor's 
Manual  "  groups  the  roads  of  the  country,  the  New  England  roads 
have  40%  more  traffic  per  mile  than  the  average,  the  freight  charge  is 
45%  higher  than  the  average.  Massachusetts  and  New  England  edu- 
cation generally  seems  based  on  English  ideas.  It  is  said  to  be  harder 
to  get  a  charter  for  an  opposition  road  in  that  section  than  in  any  other. 
Since  about  1880,  when  the  divergence  in  freight  rates  becomes  no- 
ticeable, heavy  manufacturing  has  been  deserting  Massachusetts  and 
the  country  served  by  its  roads.  It  is  thought  that  lighter  manufac- 
tui-ing  may  follow.  Concurrently  a  demand  for  free  raw  material  has 
risen.  It  is  probable  that  free  railroad  building,  with  the  consequent 
cheaper  freights, would  serve  both  that  locality  and  the  wliole  country 
l)etter. 
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Mr.  North.  Accompanying  this  general  fall  in  railroad  rates  and  increase  in 
traffic,  there  has  been  a  wonderhil  development  of  the  Lake  com- 
merce. The  members  of  the  Society  are  probably  all  aware  of  what 
Albert  Fink,  Past  President  Am.  Soc.  C.  E.,  and  Mr.  G.  E.  Blanchard 
have  said  abont  the  influence  of  water  rates  on  railroad  rates,  and  though 
some  people  hold  that  the  railroad  wars  have  been  the  compelling 
force  in  the  reduction  of  water  rates,  there  can  be  no  doubt  that  as 
the  rates  by  rail  and  water  have  decreased,  the  traffic  has  increased. 
This  is  shown  in  Fig.  2,  where  the  traffic  through  the  St.  Mary's  Falls 
Canal,  leading  out  of  Lake  Superior,  is  the  prominent  feature.  The 
traffic  on  the  Erie  Canal  from  the  opening  of  the  St.  Mary's  Falls 
Canal  is  also  given,  to  which  is  added,  as  a  matter  of  comparison,  the 
traffic  on  the  Suez  Canal. 

It  will  be  immediately  noticed  that  as  an  appliance  for  the  service  of 
the  general  public  the  Erie  Canal,  like  the  industrial  position  of  Great 
Britain,  is  a  decaying  one.  In  1880  the  traffic  was  at  its  maximum  in 
amount,  and  in  1894  it  had  fallen  to  68^  of  that  volume.  For  the  ten 
years  ending  with  1869  the  tolls  collected  by  the  State  of  New  York 
on  merchandise  passing  through  canals  averaged  over  $10  000  000  per 
year.  This  was  possible  when  the  freight  trains  on  the  New  York 
Central  Railroad  averaged  25  to  30  cars  carrying  8  tons  each;  but  a 
canal  that  will  only  pass  boats  of  from  250  to  300  tons  burden  has  no 
excuse  for  existence  when  competing  with  locomotives  that  will  haul 
over  1  000  tons  from  Buffalo  to  New  York.  Hence,  even  after  all  tolls 
were  abolished,  the  value  of  the  canal  as  a  channel  of  distribution  has 
been  decreasing. 

The  Suez  Canal,  which  was  oi^ened  in  the  fall  of  1869  in  the  service 
of  a  trade  not  unknown  in  the  time  of  Solomon,  led  to  a  great  develoiJ- 
ment  of  traffic  between  Europe  and  Northern  Africa  on  the  one  hand, 
and  Asia,  Australasia  and  Eastern  Africa  on  the  other,  but  it  may  have 
reached  its  maximum  usefulness,  and  last  year  its  traffic  was  only 
about  60%  of  that  through  the  St.  Mary's  Falls  Canal,  built  in  the 
service  of  what  was  still  a  wilderness  25  years  ago.  The  ai)i)arent 
arrested  development  of  the  Suez  traffic  is  not  due  to  the  comjietition 
of  cheaper  routes  (freighters  through  that  canal  claim  not  to  receive  as 
many  shillings  per  ton  of  cargo  now  as  they  received  pounds  sterling 
when  it  was  opened),  but  communities  working  for  Asiatic  wages  do 
not  seem  able  to  acquire  those  wants  which  are  necessary  to  the  de- 
velopment of  a  large  freight  movement. 

The  St.  Mary's  Falls  Canal  was  opened  in  1855,  with  the  lift  divided 
by  two  locks  with  11 J  ft.  on  the  mitre-sills.  In  1881  a  single-lift  lock, 
with  16  ft.  on  the  mitre-sills,  was  opened  and  the  canal  freed  from  tolls. 
Three  years  after,  the  draft  of  H9%  of  the  traffic  passing  was  greater 
than  th<'  dei)th  of  the  old  locks.  Up  to  1881  the  development  was 
fairly  satisfactory;  since  then  it  has  been  phenomenal.     Although  the 
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Mr.  North,  aggi'egate  mileage  of  the  Lakes,  from  the  heads  of  Lakes  Superior  and 
Michigan  to  Buffalo,  cannot  be  counted  as  more  than  1  400  miles,  and 
there  are  over  178  000  miles  of  railroads  in  this  country,  last  year 
the  ton-mileage  through  that  canal  was  equal'to  12.6%  of  the  ton- 
mileage  on  all  the  railroads  of  the  United  States,  and  for  some  time 
the  ton-mileage  on  the  Lakes  above  Buffalo  has  been  equal  to  about 
one-fourth  of  the  railroad  tonnage.  Incidentally  the  populations  of 
Buffalo,  Cleveland,  Detroit  and  Chicago  have  increased  during  twenty 
years  at  the  rate  of  209%,  while  for  the  same  time  at  Cincinnati, 
Louisville,  St.  Louis  and  New  Orleans,  large  cities  in  the  same  longi- 
tude but  on  water-courses  which  have  not  been  materially  improved  or 
deepened,  the  increase  has  been  at  the  rate  of  40.2  per  cent. 

Writing  in  1891  in  favor  of  a  20-ft.  lake  channel,  the  late  General 
O.  M.  Poe,  M.  Am.  Soc.  C.  E.,  whose  successful  exertions  for  deep 
lake  waterways  have  added  so  much  to  the  wealth  of  this  country,  said: 
"During  the  season  of  1890  over  9  000  000  tons  of  freight  passed 
through  the  St.  Mary's  Eiver,  and  more  than  22  000  000  tons  through 
the  waterway  between  Lakes  Huron  and  Erie.  The  increase  in  the 
navigable  depth  of  channels  on  the  Lakes  from  9^  ft.  in  1852  to  16  ft.  in 
1882  developed  this  commerce,  and  it  is  only  reasonable  to  expect  that 
a  further  increase  of  4  ft.  will  be  followed  by  a  corresponding  increase 
in  shipping." 

Continuing  he  says  :  "For  nearly  30  years  I  have  watched  its 
increase,  but  neither  I  nor  any  one  else  within  my  knowledge  has 
been  able  to  expand  at  the  same  rate.  The  wildest  expectations  of  one 
year  seem  absurdly  tame  the  next." 

This  year  it  is  claimed  the  wonderful  figures  of  last  year  will 
be  increased  to  16  000  000  tons,  an  increase  rendered  jDOSsible  by  the 
commercial  confidence  in  the  future  of  lake  freightage  born  of  work 
on  the  20-ft.  channels.  But  any  year's  A^-ild  expectation  of  an  increased 
traffic  that  must  be  strained  through  the  jiroposed  apertures  in  the 
enlarged  Erie  Canal,  8  x  18  ft.  in  cross-section,  will  seem  hysterical  the 
next. 

The  "  Report  on  the  Internal  Commerce  of  the  United  States  for  the 
year  1891,"  contains  an  estimate  that  the  saving  to  the  public  by  the 
water  transportation  of  the  traffic  on  the  Lakes  for  1890  was  3135  000  000, 
comparing  lake  freight  charges  with  the  railroad  rates,  which  the 
competition  on  the  Lakes  have  reduced.  This  is  equivalent  to  a  divi- 
dend of  66%  on  the  total  expenditures  by  the  nation  for  river  and 
harbor  improvements.  This  was  for  some  9  000  000  tons  carried 
at  an  average  rate  of  1.3  mills  per  ton-mile.  Last  year  there 
were  13  000  000  tons  carried  for  1  mill  per  ton-mile,  and  33  000  000 
tons  passed  Detroit.  Although  in  the  Ajml,  1891,  number  of  the 
Engineering  Magazine,  and  subsequently,  figures  of  like  import  have 
been  frequently  presented  to  the  public  in  technical  journals  and 
Government  publications,  persons  are  found  who  will  gravely  make 
aud  publish  computations  showing  how  much  toll  should  be  charged 
oij  a  sliij)  canal  through  this  State. 
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Mr.  North.  But  the  value  of  tlie  deep  waterway  on  the  Lakes  is  not  by  any  means 
confined  to  the  money  saved  in  freighting  through  their  channels.  The 
greatest  good  is  derived  from  the  industries  they  stimulate.  E.  S. 
^Tieeler,  M.  Am.  Soc.  C.  E.,  the  engineer  in  direct  charge  of  the 
canal  at  the  foot  of  Lake  Superior,  estimates  that  fully  half  the  freight 
carried  would  not  sell  at  lake  docks  where  it  is  landed  for  the  cost  of 
railroad  freight  from  its  point  of  origin.  So  that  without  the  enlarged 
waterway  the  country  would  have  lost  the  profits  and  employment 
engaged  ia  the  production  of  some  8  000  000  or  9  000  000  tons  of  mer- 
chandise. 

Taking  the  item  of  iron  ore,  for  instance,  its  value  to  the  country  is 
not  limited  by  the  U8  000  000  or  S20  000  000  it  is  sold  for  on  the  lake 
docks,  but  by  something  in  the  neighborhood  of  §175  000  000,  the 
probable  value  of  the  finished  product.  In  addition  to  the  interest  in 
the  securities  of  railroads  built  up  and  maintained  by  the  transporta- 
tion of  this  material  and  the  supjalies  of  those  who  manufacture  it,  all 
who  are  engaged  in  its  i^roduction,  or  have  occasion  to  use  the  finished 
product  or  any  other  thing  the  production  and  marketing  of  which  is 
rendered  jjrofitable  by  the  cheap  freights  on  the  Lakes,  all  are  benefi- 
ciaries of  those  enlarged  waterways. 

Two  other  diagrams  are  shown  in  illustration  of  the  efi'ect  of  deepened 
and  enlarged  waterways.  Fig.  3  shows  the  tonnage  of  ocean  and  in- 
land vessels  at  the  poi-tof  Montreal,  with  the  increased  depths  obtained 
between  that  port  and  the  sea.  Fig.  3  also  shows  the  railroad  and 
river  tonnage  at  Frankfort-on-the-Main.  The  traffic  on  this  river, 
which  had  a  governing  depth  of  3  ft.,  fell  through  the  competition  of 
raih'oads  to  about  10  000  tons,  when  it  was  decided  to  increase  its 
depth  to  Si  ft.  The  increased  traffic  in  both  of  these  cases  that  has 
followed  deeper  channels  has  been  marked.  It  is  hoped  that  these 
diagrams  will,  without  further  comment,  show  a  direct  relation  be- 
tween enlarged  channels  of  interchange  and  decreased  freight  charges 
on  the  one  hand,  and  increased  production  and  distribution  on  the 
other. 

A  great  deal  of  the  opposition  to  improved  waterways,  not  only  here 
but  in  other  countries,  is  through  a  fear  that  the  value  of  money  in- 
vested in  railroads  will  be  injured,  the  entii'e  fall  in  freight  rates  being 
sometimes  counted  as  lost  income.  If  that  reasoning  were  correct,  the 
loss  to  railroad  investors  on  the  business  of  1893  would  be  nearly 
.^2  700  000  000  as  compared  with  the  prices  of  1865.  The  net  results  to 
the  people  of  this  country  have  been  that  either  supplies  may  be  drawn 
and  customers  reached  over  an  area  with  a  radius  four  times  as  great, 
or  for  an  equal  area  three-fourths  of  the  freight  money  can  be  divided 
between  the  producer  and  consumer. 

Probably  the  increased  ton-mileage,  which  is  thought  to  be  greater 
in  this  country  than  in  any  other,  is  due  partly  to  the  augmented  cir- 
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culation  through  the  larger  area,  and  partly  to  the  saving  in  cost  which  Mr.  North, 
creates  a  fund  that  is  available  for  increased  consumption.     But  it  is 
doubtful  if  the  railroads  have  lost  much  by  the  decrease  in  freight 
rates.     Some  investigations  made  in  connection  with  a  paper  read  at 
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the  Fifth  (Paris)  International  Internal  Navigation  Congress  showed 
that  in  the  ease  of  the  seven  trunk  lines  above  referred  to,  the  stocks 
were  virtuaUy  at  par  on  both  July  1st,  1865,  and  1890;  that  during  the 
first-mentioned  year,  with  a  freight  rate  of  2.9  cents,  the  net  income 
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Mr.  North,  was  29. 207^^,  and  for  the  last-mentioned  year,  with  a  freight  rate  of  0. 68 
cent,  the  net  income  was  31.95  per  cent.  Ten  times  as  much  traffic  was 
handled  at  one-fourth  of  the  cost  per  unit,  with  greater  profit. 

There  are  three  propositions  before  the  country  :  That  the  Erie  Canal 
should  be  enlarged  to  a  depth  of  8  ft.  on  the  mitre-sills  ;  that  it  should 
be  made  a  ship  canal ;  that  a  ship  canal  should  be  built  through  Cana- 
dian territory  and  the  produce  of  the  West  be  forced  to  seek  a  market 
through  the  mouth  of  the  St.  Lawrence.  The  proposition  in  the  paper 
to  build  a  ship  canal  into  Lake  Ontario,  so  as  to  split  the  traffic  with 
Canada,  and  prevent  the  population  between  Buffalo  and  Syracuse 
growing  as  that  on  the  lake  shore  does,  seems  a  modification  of  the  last- 
mentioned  plan. 

The  St.  Lawrence  plan  seems  attractive  to  certain  minds.  At  an 
International  Deep  Waterways  Convention  held  at  Toronto  last  year, 
Mr.  Smalley,  a  delegate,  proclaimed:  "It  is  our  duty  in  equity,  as 
well  as  in  self-interest,  to  contribute  towards  deepening  the  channel 
down  the  St.  Lawrence,"  and,  claiming  to  speak  for  a  large  portion  of 
the  West,  he  said  :  "  Yoti  will  not  find  among  the  delegates  from  the 
Northwest  any  national  prejudice  that  would  stand  in  the  way  of  our 
joining  you  in  what  is  unqiiestionably  the  best  and  quickest  way  to  get 
to  the  sea,  because  these  two  great  English-speaking  jieoples,"  etc. — a 
formula  generally  used  when  any  material  interest  of  the  United  States 
is  to  be  permanently  injured. 

There  are  many  self-called  broad-minded  thinkers  among  us,  with- 
out "any  national  jirejudice  "  when  looking  at  the  interest  of  their 
own  country,  but  strenuous  vociferators  for  the  equities  and  interests 
of  other  lands.  The  type  is  not  unknown  in  the  engineering  profes- 
sion; a  member  of  it  has  said:  '•  This  is  an  engineering  question  in  its 
broadest  sense,  and  we  should  aj^proach  it,  not  as  New  Yorkers  or 
even  as  Americans.  A  narrow  patriotism  may  stop  at  the  borders  of 
our  own  country,  but  professionally,"  etc.  • 

Let  us  examine  the  liosition  of  an  engineer  whose  professional 
advice  should  govern  the  investment  of  money  for  the  service  and 
development  of  larger  or  smaller  areas. 

All  kx^ow  that  from  Chicago  or  Duluth  to  either  New  York  or  Mon- 
treal, it  is  substantially  1  500  miles.  But  from  Montreal  to  the  sea  it 
is  1 000  miles,  and  from  Thanksgiving  Day  to  the  first  of  May  that  1 000 
miles  is  ice-locked,  so  that  any  merchandise  not  cleared  from  the  port 
of  Montreal  before  or  by  December  1st  must  pay  storage  for  five 
months,  nor  can  any  return  goods  be  delivered  during  that  period.  At 
the  port  of  New  York,  on  the  contrary,  imports  have  free  access  and 
exports  have  free  egress  every  day  of  the  year,  and  storage  is  unneces- 
sary. 

Neglecting  the  broad  and  extrinsic  patriotism  of  one  who  volun- 
teers to  turn  out  of  his  own  country  the  many  advantages  accompany- 
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ing  a  great  tide  of  commerce,  it  is  submitted  tliat  professional  advice  Mr.  North, 
to  build  the  great  aveuiie  for  the  interchange  of  products  between  the 
interior  of  America  and  the  sea  coasts  of  the  world  to  a  five-months' 
wall  of  ice  is  not,  on  the  whole,  proposing  to  direct  the  great  forces  of 
natui'e  to  the  service  of  mankind. 

There  is  another  consideration,  not  so  jjatent  as  the  ice  in  the 
St  Lawrence,  but  more  weighty.  The  main  thoroughfare  of  any 
country  should  intervene  between  the  great  body  of  jjroducers  and 
their  largest  and  best  market.  That  for  the  American  farmer  is  New 
York.  That  for  the  New  Yorker  is  offered  by  the  American  farmer. 
In  the  census  year  1890  the  value  of  products  manufactured  in  the 
city  of  New  York  was  l$777  '222  721,  and  the  value  of  goods  manu- 
factured in  the  six  cities  on  the  waters  of  New  York  Bay,  viz.,  NeAv 
York,  Brooklyn,  Long  Island  City,  Hoboken,  Jersey  City  and  Newark, 
was  $1  200  671  459.  In  the  same  fiscal  year  the  total  value  of  mer- 
chandise imported  into  the  United  States  was  ^789  310  409.  If  all  of 
the  best  authorities  on  political  economy  are  not  mistaken  in  their 
assertion  that  "  commodities  exchange  for  commodities,"  the  markets 
of  the  world  outside  of  the  United  States  are  worth  3%"  more  than 
the  market  of  the  city  of  New  York,  and  the  consumption  of  the  six 
cities  bordering  on  the  Bay  of  New  York  is  worth  50^,f  more  to 
American  farmers  than  the  consumption  of  all  foreign  countries. 
The  wages  paid  in  manufacturing  industries  in  the  six  cities  above 
mentioned  are  equivalent  to  almost  42i%  of  the  total  value  of  the 
country's  imj)orts.     These  relations  are  shown  in  Fig.  4. 

On  the  other  hand,  Montreal  is  an  inconsiderable  place  of  216  000 
inhabitants,  with  a  total  city  revenue  of  nearly  80)^  of  what  the  city 
of  New  York  expends  for  sweeping  its  streets,  and  of  about  the  same 
manufacturing  importance  as  Schenectady.  It  is  doubtful  if  all  of 
Canada  offers  as  good  a  market  to  our  farmers  as  some  of  the  numerous 
cities  and  towns  on  the  line  of  the  Erie  Canal,  and  there  are  actually 
men  who  are  led  to  believe  that  they  are  reaching  for  markets  when 
they  try  to  send  the  produce  of  the  Northwest  to  sea  vi<t  Montreal. 

It  is  generally  admitted  that  the  cheaper  rates  of  a  large  water- 
way, by  stimulating  the  bordering  industries,  augment  the  traffic  and 
profits  of  parallel  railroads.  The  converse  is  also  true.  Large  manu- 
facturing industries  re(iuire  the  services  of  railroads  for  the  iiuick  de- 
livery of  finished  products  and  the  necessary  circulation  of  men 
engaged  in  such  industries.  Paralleling  the  line  of  the  Erie  Canal 
and  jointly  dependent  on  the  industries  and  wealth  built  up  by  it  for 
returns  on  the  investment,  one  company  has  expended  over  §160  000  000; 
while  in  the  part  of  tliis  State  which  it  is  proposed  to  sidetrack  by  a 
canal  into  Lake  Ontario,  the  line  of  the  canal  is  crossed  by  competing 
roads  every  few  miles.  These  adjuncts  to  the  cheap  transportation 
which  an  enlarged  canal    will  offer  make   this  part  of   the   State  an 
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Mr.  North,  ideal  location  for  manufactories  of  all  kinds,  but  the  route  bv  the 
St.  Lawrence  is  virtually  without  such  aids  to  industrial  develop- 
ment. 

It  seemed  to  the  speaker  that  the  most  advantageous  route  for  a 
great  ship  canal  connecting  the  commerce  of  the  Lakes  with  that  of  the 
Atlantic,  and  serving,  not  only  the  largest  number  of  consumers,  but, 
to  use  the  words  of  James  Bryce,  Esq.,  consumers  "who  allow  them- 
selves luxuries  such  as  the  masses  enjoy  in  no  other  country,"  is  sub- 
stantially on  the  line  laid  down  by  Elnathan  Sweet,  M.  Am.  Soc.  C.  E., 
in  his  i^aper  of  June  10th,  1894,  "The  Eadical  Enlargement  of  the 
Artificial  Waterway  Between  the  Lakes  and  the  Hudson  Eiver. " 

This  line,  passing  as  it  must  near  the  outlets  of  (^^layuga  and  Seneca 
Lakes,  would  connect  nearly  80  miles  of  deep-water  navigation  to 
the  canal,  and  make  Ithaca  and  Watkins,  the  towns  at  the  heads  of 
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Fig.  4. 

these  lakes,  commercial  ports  of  much  importance,  which,  by  the  aid 
of  a  ship  canal  to  Oswego,  would  dominate  most  of  the  trade  of  Lake 
Ontario  and  the  upper  St.  Lawrence,  instead  of  making  the  trade  of  all 
that  region  tributary  to  Montreal. 

Reference  to  the  causes  which  have  made  the  city  of  NeAV  York 
the  largest  manufacturing  city  in  the  world,  and  incidentally  draw  65%" 
of  the  imports  of  the  United  States  to  this  port,  may  not  be  out  of 
place.  It  will  be  noticed  that  the  position  of  the  city  is  unique.  It  is 
situated  at  the  mouth  of  a  stream  so  commodious  and  grand  that  the 
Great  Eastern  could  have  ascended  it  for  120  miles,  instead  of  at  the 
head  of  navigation.  The  governing  factor  in  New  York's  i3osition  and 
wealth  is  Long  Island  Sound.  In  addition  to  this,  there  is  another 
navigable  channel  to  the  westward,  the  Kill  von  KuU.  The  report  of 
the  Chief  of  the  United  States  Engineers  for  1884  puts  the  tonnage  con- 
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tributed  to  the  harbor  of  New  York  through  this  channel  at  16  500  000  Mr.  Xorth. 
tons.     A  later  report  says  the  tonnage  of  this  channel  is  greater  than 
that  through  the  Narrows.     Colonel  W.  M.  Gillespie  ascertained  that 
the  tonnage  of  the  Hudson  Eiver  was  18  500  000,  of  which  3  500  000 
tons  is  contributed  by  the  Erie  and  Champlain  Canals. 

When  to  the  happy  meeting  of  these  natural  channels  of  large  capac- 
ity the  tribute  of  the  Erie  Canal  was  added,  there  was  no  other  place 
where  the  raw  materials  for  manufacture  could  be  assembled  so 
cheaply,  or  from  which  the  finished  products  could  be  more  easily  dis- 
tributed. Hence  all  the  railroads  of  the  country  pointed  to  or  con- 
nected with  it,  and  it  became  the  seat  of  the  largest  production  and 
consumption.  Unless  it  becomes  desirable  to  remodel  the  railroad 
system  of  this  continent  and  reincur  the  expense  necessary  to  the 
accommodation  of  nearly  3  000  000  i)eople,  the  interests  already  cen- 
tered in  and  about  the  city  of  New  York  demand  such  au  ample  water- 
way as  shall  now  and  in  the  future  control  the  direction  of  commerce 
and  augment  the  wealth  and  jirosperity  of  this  country,  rather  than 
that  of  a  country  which  some  hope  to  possess  in  the  future. 

Chattnckt  N.  Duttox,  Esq. — In  discussing  the  jiroject  of  a  ship  Mr.  Dutton. 
canal  from  the  Great  Lakes  to  the  seaboard,  the  sjjeaker  did  not  pro- 
pose to  limit  the  range  of  thought  to  the  narrow  field,  the  grain 
carried  by  the  Erie  Canal.  He  stated  that  more  than  9  000  000  tons  of 
vegetable  food  are  cari-ied  from  the  Lakes  to  the  sea.  The  Erie  Canal  does 
not  carry  one-tenth  of  it.  From  70  000  000  to  75  000  000  tons  of  through 
freight  are  carried  on  the  routes  paralleling  the  future  continental  high- 
way, while  the  Erie  Canal  carries  about  one-thirtieth  of  it.  The  ship 
canal  must  be  powerful  enough,  as  a  means  of  transportation,  to  compete 
with  those  carriers  Avhich  have  proved  stronger  than  the  Erie  Canal. 
It  will  not  be  a  competitor  with  the  State  canals;  it  will  be  a  feeder  to 
them,  filling  them  up  w^ith  local  distributing  business,  which  they  can 
do  cheai:)ly  and  profitably.  It  may  relieve  them  of  a  part  of  the 
through  business,  for  which  they  are  ill  adapted,  because  it  can  do  it 
cheaper,  as  can  be  proved  by  the  author's  own  figures,  and  also  by 
reliable  data. 

The  estimate  in  the  paper,  that  in  a  vessel  carrying  5  000  tons  on  16 
ft.  the  cost  of  transportation  will  be  5  cents  per  bushel,  the  speaker 
considered  too  high,  in  view  of  the  present  cost  of  conducting  trans- 
portation in  cargoes  of  2  000  to  2  500  tons. 

The  estimate  that  in  a  vessel  carrying  7  000  tons  on  20  ft.  draft  the 
cost  will  be  3.22  cents  per  bushel,  the  speaker  said  was  2.5  times  too 
high,  as  shown  by  an  analysis  of  the  author's  figures,  corrected  in 
some  particulars  to  agree  with  the  present  performance  of  steamships 
on  the  Lakes. 

With  regard  to  the  third  and  fourth  estimates,  the  speaker  said 
that  it  is  proposed  to  fit  the  Erie  Canal  locks  with  improved  gates. 
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Mr.  Button,  which  will  add  12%'  to  the  tonnage  of  the  barges  using  them.  The 
di-aft  in  the  locks  is  to  be  8  ft.,  instead  of  7.5  ft.,  and  it  can  be 
deduced  from  the  author's  second  estimate  that  wheat  can  be  carried 
from  Chicago  to  Buffalo  tor  0.75  cent  instead  of  1.25  cents,  as  he  states. 
By  making  these  corrections,  he  could  have  made  a  showing  for  the 
Erie  Canal  some  20j?o'  more  favorable  than  he  has.  As  a  compensating 
error,  however,  he  has  assumed  that  barges  can  be  towed  at  an  average 
speed  of  4  miles  an  hour  in  the  Erie  Canal. 

The  hypothetical  barge,  180  ft.  long,  17.2  ft.  wide,  7.5  ft.  draft  and 
j)resumably  about  11  ft.  deejj,  could  not  have  the  same  weight,  cost, 
carrying  cajjacity  and  expenses  per  foot  of  length  as  the  real  90-ft. 
barge  of  equal  width  and  draft,  but  her  weight  and  cost  would  in- 
crease nearly  as  the  square  of  her  length,  and,  therefore,  the  hypothet- 
ical 180-ft.  bai'ge  would  weigh  and  cost  nearly  ionr  times  as  much  as 
the  real  90-ft.  barge,  because,  assuming  the  wave  action  in  a  seaway  to 
be  equal  upon  both,  the  weight  would  be  nearly  as  the  square  of  the 
length,  as  in  beams.     The  90-ft.  barge  weighs  about  75  tons. 

To  settle  this  matter  beyond  controversy,  the  speaker  obtained  an 
approximate  estimate  of  the  weight,  cost  and  carrying  caj)acity 
of  such  a  barge  from  one  of  the  largest  and  most  successful  ship- 
building concerns  in  the  country.  Its  chief  engineer  states  that, 
"roughly  speaking,  the  weight  would  be  about  280  tons;  the  cost, 
^22  000,  complete,  ready  for  sea,  and  the  carrying  capacity  about 
360  tons.  Such  a  barge  would  be  of  no  service  whatever  if  it  were 
built."  Such  a  barge  never  has  been  built,  and  if  it  were  built  it 
could  not  be  towed  singly  around  the  short  curves  in  the  Erie  Canal 
at  the  rate  of  4  miles  an  hour  ;  in  fleets,  not  at  all.  Singly  it  might 
possibly  be  towed  at  the  rate  of  1  mile  in  4  hours,  by  two  tugs,  one  to 
pull  her  nose  off  and  the  other  to  pull  her  stern  off  at  every  curve. 

That  such  a  barge  is  not  available  for  the  lake  traffic  he  believed 
clearly  jjioved  by  the  history  of  navigation  on  the  Canadian  canals. 
For  nearly  a  generation  there  has  been  an  open  waterway  with  9  ft. 
least  draft,  and  only  54  locks,  the  smallest  45  x  220  ft.,  big  enough  for 
two  of  the  hypothetical  barges  to  lie  in,  and  used  by  barges  of  much 
more  advantageous  proportions  than  the  author  assumes.  The  St. 
Lawrence  barges  never  engaged  in  trade  across  Lake  Ontario  and 
through  the  Welland  Canal.  They  are  shut  out  of  the  lake  traffic  by 
steamers  of  1  650  tons  capacity,  less  than  one-fourth  of  the  size  of  the 
Victory,  by  vessels  which  cannot  earn  a  living  west  of  Port  Colborne. 

The  tenacious  hold  of  the  barge  idea  is  surprising  in  view  of  the 
facts.  Had  there  been  any  such  economies  in  barges  as  have  been 
claimed,  every  shipyard  on  the  Lakes  would  be  building  them;  but,  on 
the  contrary,  the  one  yard  dedicated  to  barge  construction  is  now 
building  as  many  ships  as  l)arges. 

The  author  gives  the  operating  expenses  of  the  Victonj  as  §250  per 
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day,  and  her  interest  and  other  fixed  expenses  as  ^67  500  per  year.   The  Mr.  Duttoa. 

per  diem  ratio  of  these  expenses  he  makes  1  to  210,  basing  it  on  a  short 

season  of  lake  navigation.     He  forgets  that  when  the    Victory  can  get 

to  the  sea,  she  will  not  go  hack  to  winter  in  the  lakes.     She  will  put  in 

surface  condensers,  and  engage  in  the  coasting  or  foreign  trade  during 

the  winter  months,  and  the  per  diem  ratio  of  her  fixed  expenses  will 

shrink  from  1  to  210  to  1  to  365,  or  from  8321.43  to  8184.93  per  day,  her 

total  daily  cost  shrinking  from  8571.43  to  8434.93,  as  the  immediate 

result  of  making  the  ocean  accessible  to  her.     This  alone  reduces  his 

estimate  24/0,  or  from  3. 22  cents  to  2. 45  cents  per  bushel.     He  figures  on 

a  route  from  Chicago  to  New  York,  1  363  miles  long,  A\ith  350  miles  of 

canal  and  50  locks — the  Erie  Canal  route.     A  much  better  route  will 

be  via  the  St.  Lawrence  and  Lake  Champlain,  1  570  miles  long  from 

Chicago  to  New  York,  with  at  first  only  90  miles  of  canal,  and  finally 

75  miles,  and  only  five  locks. 

Applying  his  basis  of  speed  to  this  route,  1  480  miles  of  open  water 
at  13  miles  per  hour  equals  113.85  hours,  90  miles  of  canal  at  7  miles 
per  hour  equals  12.85  hours,  and  five  locks  at  24  minutes  per  lock 
equals  2  hours,  a  total  of  128.7  hours,  or  5  days  8  hours  42  minutes 
steaming  time  from  Chicago  to  New  Y'^ork.  The  author  estimates  the 
time  via  the  Erie  route  at  153  hours,  24  hours  18  minutes  longer  than 
the  St.  Lawrence  route,  or  longer  in  the  ratio  of  100  to  24.  Here  is  a 
further  reduction  of  16^  in  one  item,  the  actual  steaming  time. 

The  author  bases  his  estimate  on  the  supposition  that  the  ship 
would  be  tied  up  in  port  13  days  each  trip.  As  a  matter  of  fact,  under 
favorable  circumstances  at  Chicago  or  Duluth,  she  would  discharge 
and  receive  her  cargoes  and  clear  the  port  within  12  hours  of  the  time 
she  entered.  In  the  pamphlet,  "The  Great  Lakes  of  North  Amer- 
ica," by  the  late  George  H.  Ely,  Assoc.  Am.  Soc.  C.  E.,  it  will  be  seen 
that  the  ship  Manola  was  in  port  an  average  of  only  37  hours  36 
minutes  per  trip  during  the  entire  season,  her  trips  averaging  1  686 
miles.  This  is  on  the  Lakes.  The  author's  assumption  therefore  means 
that  when  in  New  York  the  ship  would  tie  up  11. 5  or  12. 5  days,  as  against 
0. 5  to  1.5  days  in  the  lake  ports.  It  was  a  violent  wrench  t  o  t  he  speaker's 
business  instinct  to  assume  any  such  thing.  If  New  York  does  not 
provide  good  terminal  facilities,  other  people  will  come  and  build 
them,  as  they  built  the  elevated  and  cable  roads,  and  many  other 
things.  But  facilities  for  rapid  loading  and  unloading  now  exist  in 
New  York  for  such  cargoes  as  are  in  sufiicient  quantities  to  warrant 
them.  It  is  a  weekly  occurrence  that  great  ocean  steamshii:)S  are  en- 
tered and  cleared  within  three  days;  and  it  has  been  done  within  two 
days. 

But  suppose  the  terminal  facilities  not  to  exist,  the  speaker  asked 
would  a  ship  tie  up  here  11.5  or  12.5  days,  when  in  that  time  she  could 
carry  her  cargo  to  Europe,  earning  4.75  to  6  cents  a  bushel;  or  could 
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Mr.  DuttoD.  coast  from  Halifax  to  Galveston,  or  make  a  rotiud  trijj  to  tlie  West 
Indies  and  back,  or  run  light  to  Chicago  and  Duluth  and  bring  back 
another  cargo  He  believed  that  what  the  ship  will  actually  do,  on 
the  aiithor's  basis  of  speed  and  cost,  is  this :  She  will  steam  1  480  miles 
in  open  water  in  113.85  hours;  90  miles  of  canal  in  12.85  hours,  and 
pass  five  locks  in  2  hours,  a  total  of  128.7  hours  ;  and  will  lose  at  the 
outside  37.6  hours  in  loading  and  unloading,  a  total  per  trip  of  166.3 
hours. 

The  author's  basis  makes  her  cost  $434. 93  per  day,  equal  to  $18.12 
per  hoiar,  and  the  cost  per  trip  of  166.3  hours  between  Chicago  and 
New  York  would  be  S3  013.36,  equal  to  43  cents  per  ton,  or  to  1.29  cents 
per  bushel,  only  a  trifle  more  than  the  cost  of  breaking  bulk  at  Buf- 
falo, and  40%"  of  the  estimate  in  the  paper.  This  is  why  the  western 
shippers  want  to  ship  through  and  avoid  breaking  bulk,  and  why  they 
demand  ship  canals.  It  is  because  it  will  save  them  3.11  cents  per 
bushel,  or  81.161  per  long  ton  over  the  cost  of  transportation  in  steel 
barges  steam-towed  via  a  future  9-ft.  Erie  Canal,  according  to  the  au- 
thor's fourth  estimate.  This  is  on  the  supposition  that  the  ship  finds 
it  more  profitable  to  discharge  at  New  York  than  to  carry  her  cargo 
elsewhere,  and  finds  a  return  cargo,  which  might  be  anthracite  coal, 
sugar,  building  stone,  bricks,  ore,  lumber,  asphalt  or  j)ackage  freight. 
If  she  found  no  cargo  at  New  York,  she  could  run  light  to  Kingston 
for  anthracite,  or  to  Fishkill,  Troy  or  Burlington  for  building  stone, 
marble  or  package  freight  from  New  England;  or  to  Lake  Champlain 
for  ore,  or  to  Quebec  for  fish  or  iron  sand,  or  to  Oswego  for  anthracite, 
or  to  Buffalo  or  Cleveland  for  bituminous  coal  or  coke.  At  the  very 
worst,  suppose  she  had  to  return  light  every  other  trip,  she  could 
run  light  to  Chicago  or  Duluth  for  east-bound  freight,  in  Avhich  case 
her  account  would  stand  as  follows:  East-bound  trip  and  detentions, 
166.3  hours;  one-half  of  west-bound  trip,  64.35  hours,  a  total  of  230.65 
hours,  at  S18.12  per  hour,  equal  to  S4  179  38,  equivalent  to  59.7  cents 
per  ton,  or  to  1.6  cents  per  bushel,  less  than  half  of  the  author's  esti- 
mate. This  is  the  most  unfavorable  showing  that  can  be  made.  New 
Y'^ork  is  one  of  the  three  first-class  ports  of  the  American  continent, 
and  can  i)rovide  return  cargoes  nine  trips  out  of  ten.  Even  were  New- 
York  unable  ever  to  provide  a  return  cargo,  and  the  port  sealed  so 
that  the  shijj  could  not  get  out  to  find  cargoes  elsewhere,  and  were 
there  no  intermediate  ports,  and  the  east-bound  freight  had  to  bear 
the  expenses  of  the  roiand  trip,  the  cost  would  only  be  76.4  cents  per 
ton,  equal  to  2.05  cents  per  bushel,  less  than  two-thirds  the  author's 
estimate,  and  less  than  half  the  cost  in  steel  barges  via  a  9-ft.  Erie 
Canal. 

The  actual  cost  of  operating  shijjs  of  various  sizes  and  of  conduct- 
ing transportation  in  them  under  various  conditions  was  taken  up  by 
the  8i)eaker,  who  said  that  for  the  figures  presented  he  was  indebted 
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to  the  courtesy  of  correspondents  familiar  with  the  subject.     As  such  Mr.  Dutton. 
statements   might   seriously  affect  important   business  interests,   he 
merely  presented  conclusions  in  a  siimmarized  form. 

Attention  was  called  to  the  published  balance  sheet  of  the  Minne- 
sota Steamship  Company's  ship  Mnnola  for  the  season  11S90,  which,  so 
far  as  he  knew,  is  the  only  authoritative  statement  of  the  kind  ever  jiub- 
lished.  The  Manola  is  292  ft.  5.5  ins.  on  the  keel,  308  ft.  5.5  ins.  over 
all,  40  ft.  breadth,  24  ft.  6  ins.  molded  depth,  2  000  fi.  P.,  andean 
carry,  fully  laden,  about  3  500  tons.  In  1890  she  was  in  commission  222 
days,  in  port  47  days,  steamed  175  days,  made  30  trips  of  1  686  miles 
each,  equal  to  50  584  miles  or  227.5  miles  per  day,  her  sjjeed  being  11.85 
miles  laden,  and  12.72  miles  light,  the  average  being  12.25  miles  per 
hour.  Her  fuel  consumi^tion  was  5  528  tons,  worth  314  427.14.  She 
burned  per  hour  209  lbs.  when  light,  226  lbs.  when  loaded,  and 
averaged  218  lbs.,  equal  to  1.5  ozs.  per  ton-mile.  She  carried  71 170.69 
tons,  equal  to  2  295.816  tons  per  trip  on  14.7  ft.  to  14.9  ft.  of  water. 
She  loaded  in  7.5  hours,  and  unloaded  in  12.5  hours.  She  earned 
S93  738.25  gross,  S38  624.05  net;  her  expenses  being  S55  114.20,  equal 
to  58.79%  of  her  gross  earnings. 

Carrying  2  295.816  tons,  less  than  one-third  the  capacity  of  the  ship 
under  consideration,  she  cost  S248.26  per  day,  including  insurance  but 
not  amortization,  and  earned  §173.98  net  i^er  day,  out  of  which  she 
paid  amortization  and  a  very  handsome  profit  to  her  owners.  It  will 
be  observed  that  she  cost  daily  only  -31.74  less  than  the  author's  esti- 
mate of  the  running  expenses  of  the  Victory;  and  that  the  ratio  of 
operating  expenses  to  amortization  and  profits  was  as  100  to  70,  and  she 
was  thought  to  do  nobly.  The  author's  assumed  ratio  is  100  to  129,  a 
difference  of  59  per  cent. 

The  speaker  next  gave  a  summary  statement  of  the  actual  cost  of 
conducting  transportation  during  the  current  season,  up  to  October 
1st,  in  a  large  fleet  of  lake  steamships,  which  are  a  fair  average  of  the 
large  lake  freighters.  In  the  statement  furnished  to  him,  some  of  the 
calculations  were  based  on  gross  tons  and  some  on  net  tons,  but  all 
have  been  reduced  to  gross  tons  for  better  comparison  with  the  State- 
ment of  the  Manoki. 


Green  Bay  Pokts  to  Lake  Erie  Pokts. 

Average  cargo. 

Water.                                                                                       Gross  tons.  Cents. 

15  ft.  4  ins.           Ore  and  return  light 2  515.43  44.09 

15  ft.  4  ins.           Ore  down 2  546.36  36.28 

Coal  up 1869.54  29.56 


Average  cargo 2  207.93   Average.  33.43 
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Mr.  Dutton.  Dttluth  to  Lake  Erie  Ports. 

Average  cargo. 
Water.  ^    Gross  tons.  Cents. 

14  ft.  2  ins.  Ore  and  return  light '    2  136.73  64.51 

14  ft.  2  ins.  Ore  down 2  009.17  44.45 

Coal  back   1  934.21  35.08 


•  Average  cargo 1  971.69    Average.   39.86 

To  the  above  must  be  added  4  cents  per  ton  for  painting,  winter 
laying  up  and  fitting  out  expenses,  which  would  make  the  cost  be- 
tween Duluth  and  Lake  Erie  ports  as  follows  on  14  ft.  2  ins.  of  water: 

Vessel  returning  light,  average  cargo,  2  136.73  gross  tons,  68.51  cents. 
"      carrying  ore  down,    "  "        2  009.17       "        "      48.85      " 

coal  back,  "  "        1934.21       "        "      39.08      " 


Average  cargo 1971.69     Cost...     43.86      " 

Average  cost  of  carrying  1  ton  per  round  trip,  87. 72  cents. 

The  statement  of  the  Manola  gives  the  cost  per  ton  of  freight 
carried  an  average  of  1  686  miles  as  77.4  cents,  the  draft  being  14  ft.  7 
ins.  to  14  ft.  9  ins.,  and  the  cargo  2  296  tons.  The  vessels  in  this  fleet 
average  within  1  ft.  of  the  length  of  the  Manola,  and  are  3  ins.  wider. 
The  comparison  of  the  figures,  77.4  cents  per  ton  per  trip  by  the 
Manola,  and  87.72  cents  per  round  trij)  by  this  fleet,  is  not  lair  to  the 
fleet,  because  from  the  length  of  the  Manola" s  voyage  it  is  evident  that 
she  touched  at  intermediate  ports,  probably  loading  down  as  deep  as 
she  could  in  Lake  Sui^crior,  and  then  running  to  Green  Bay  to  com- 
plete her  cargo.  The  speaker  changed  the  figures  for  the  fleet  to  make 
comparisons  with  the  Manola  more  just.  It  cost  the  3Ianola  22.6  cents 
per  ton  to  handle  cargo.  At  the  present  time  the  charge  for  unload- 
ing is  15  cents  per  ton,  and  for  trimming  2.5  cents,  making  a  total  of 
17.5  cents. 

If  from  the  figures  for  the  fleet  17^  cents  are  taken,  and  from  the 
remainder  10.5°o  is  deducted  to  compensate  for  being  twice  in  port  and 
loaded  and  unloaded  as  against  once  for  the  Manola,  results  are  obtained 
which  admit  of  an  approximately  correct  comparison.  This  gives  a  cost 
of  62.85  cents  per  ton  for  a  trip  equal  to  twice  the  distance  from  Cleve- 
land to  Duluth,  which  would  be  approximately  equal  to  the  length  of 
the  Mnnoliis  trij^s.  The  average  size  of  the  fleet  steamer  is  i^ractically 
the  same  as  that  of  the  Manola,  but  the  Manola  had  the  advantage  of 
5  to  7  ins.  of  water,  which  enabled  her  to  carry  325  tons  additional 
cargo.  Again  correcting  the  figures  for  the  fleet  steamer,  with  this 
additional  draft  of  water,  she  could  have  carried  a  cargo  for  56.44 
cents  instead  of  62.85  cents,  the  lack  of  from  5  to  7  ins.  of  water  adding 
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6.41   cents  to  the  cost  of  carrying  cargoes  a  distance  aj^proximately  Mr.  Dutton. 
1  650  miles. 

The  ressel's  performance  on  this  voyage  may,  without  considerable 
error,  be  assumed  as  equal  to  her  performance  on  a  voyage  from 
Duluth  to  Xew  York,  because  if  the  detentions  between  Cleveland  and 
Duluth  be  equated  with  those  between  Cleveland  and  New  York, 
the  equated  distances,  east  and  west,  will  be  substantially  equal. 
Therefore,  the  cost  of  conducting  transportation  between  Duluth 
and  Xew  York  in  a  vessel  carrying  2  300  tons  on  15  ft.  of  water  would 
be  56.44  cents  per  long  ton,  or  1.51  cents  per  bushel.  The  fleet 
steamer's  round  trip  performance,  without  corrections  as  above,  is 
87.72  cents  per  long  ton,  or  2.35  oents  per  bushel.  To  these  must  be 
added  interest  and  amortization.  The  net  earnings  of  the  Manolu  pei^ 
season  of  222  days  were  10%  of  her  operating  expenses.  Had  she  been 
in  commission  365  days  and  earned  the  same  sum  of  money,  the  per- 
centage would  have  been  42^.  Adding  this  percentage  to  the  figures 
given  above,  there  results  2.15  cents  corrected  rate  and  3.83  cents  un- 
corrected for  the  remunerative  freight  rate  in  a  vessel  carrying  2  300 
long  tons  on  15  ft.  of  water. 

Through  the  courtesy  of  the  executive  officer  of  a  great  shipyard, 
the  speaker  was  able  to  furnish  some  further  light  upon  the  efifect  of 
depth.  The  following  are  the  data  with  reference  to  a  ship  which  is  to 
be  432  ft.  over  all,  412  ft.  on  the  keel,  48  ft.  beam  and  28  ft.  depth.  It 
is  to  be  a  very  heavily  constructed,  staunchly  built  hull,  good  not  only 
for  the  present,  but,  if  kept  off  the  rocks  and  out  of  collisions,  good 
for  several  generations. 

De.\d  Weight  Capacity  in  Net  Tons,  LscLrDiKG  150   Tons  of  Fuel. 

Net  tons.   ,  Net  tons. 

At  14  ft.  6  ins.  draft 4  180  f  At  17  ft.  0  ins.  draft 5  539 

"  15  "  0    "         "     4  450      "  17  "  6    "         "     5  815 

'<  15  "  6    "         "     4  272      "  18  "  0    "         "     4  180 

«'  16  "  0    "         "     4  990      "  18  "  6    "         "     6  385 

..  16  "  6    "         "     5  264      "  19  "  0    "         "     6  680 

This  ship  is  considerably  larger  than  the  Victory.  If  she  were 
loaded  to  20  ft.,  which  is  1  ft.  more  than  her  buHders  have  calculated 
upon,  she  would  carry  7  265  tons.  In  view  of  the  greater  dimensions 
of  this  ship,  it  is  doubtful  if  the  Victory  can  carry  7  000  tons.  The  cost 
of  the  ship  Ts-ill  be  about  8250  000.  She  will  have  3  000  H.  P.  Her 
operating  expenses  will  be  about  $175  per  day,  or  87  29  per  hour. 
Her  fixed  yearly  expense  will  be  about— 

Amortization  and  interest  at  12.5  per  cent 831  250 

Repairs,  painting,  etc '^  ''^SO 

Total ^34000 
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Mr.  Duttou.  Allo%\-ing  15  days  for  laying  up,  tliis  is  at  tlie  rate  of  ^97.14  per  day 
or  84.05  per  hour. 

At  the  same  rate  of  speed,  etc.,  as  heretofore  assumed  for  the  7  000- 
ton  ship,  assiiming  this  ship  laden  to  20  ft.  and  carrying  265  tons  of 
fuel,  her  performance  between  Chicago  and  New  York  will  be  — 

Assuming  full  return  cargoes : 

Conducting  transporta- 
tion  17. 32  cents  per  net  ton.  ..0.52   cent  per  bushel. 

Amortization,  etc 0.62         "  "        ...0.289 

Handling  cargoes 17.5  "  "        ...0.525 


Total 44.45         "  "  1.334  cents      " 

Assuming  one-half  return  cargoes: 

Conducting  trans- 

Ijoi-tation 23.95  cents  per  net  ton  equal  0.72    cent  per  bushel. 

Amortization,  etc..  13. 33              "             "               0.4  " 

Handling  cargoes..  17. 50              "             "               0.525  " 


54.75  "  "  1.645 

Returning  light: 

Conducting  trans- 
portation   .30. 725  cents  jjer  net  ton,  equal  0.92    cent  per  bushel. 

Amortization,  etc.  17. 06  "  "  0.51  " 

Handling  cargoes.  17.5  "  "  0.525  " 

65.285  "  "  1.955 

Tlie  flat  cost  of  transportation  is  given  separately  in  order  to  show 
that  in  a  life  and  death  competition  the  big  ship  is  invincible. 

The  effect  of  the  dejjth  of  water  upon  the  cost  of  carriage  is  very 
great  in  such  ships.  One  inch  means,  at  full  draft,  49  tons,  or  0.68%, 
and  averages  46  tons,  or  0.67  per  cent.  One  foot  means  8A%,  and  5  ft. 
6  ins.  mean  44.7  per  cent.  At  16  ft.  draft  the  vessel  will  carry  4  990 
tons,  or,  allowing  265  tons  of  coal,  4  725  tons  of  cargo. 

The  cost  would  be: 

Assuming  full  return  cargoes: 

Conducting  trans- 
portation   25. 66  cents  per  net  ton,  equal  0, 77    cent  per  bushel. 

Amortization,  etc. .14. 25  "  "  0.43  " 

Handling  cargoes..  17. 5  "  •  0.525  " 

57.41  "  "  1.725 
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Assuming  one-half  return  cargoes:  Mr.  Dutton. 

Conducting  trans- 

jjortation 35.49  cents  per  net  ton,  equal  1.06  cents  per  bushel. 

Amortization,  etc..  19. 75  "  '■  0.59  " 

Handling  cargoes..  17. 50  "  "  0.525  " 

72.74  "  "  2.175 

Returning  light: 

Conducting  trans- 
portation   45.52  cents  per  net  ton,  equal  1.37    cents  per  bushel. 

Amortization,  etc.. 25. 28  "  "  0.76 

Handling  cargoes..  17. 50  "  "  0.525  " 

88.30  "  "  2.655 

These  figures  include  vessel  insurance  but  not  cargo  insurance, 
which  runs  from  25  to  30  cents  per  §100  Chicago  to  Buffalo,  and,  of 
course,  vai'ies  per  ton  proportionately  to  the  value. 

According  to  the  jDaper,  a  ton  of  freight  can  be  carried  from  Chicago 
to  New  York  in  a  7  000-ton  ship  for  43  cents;  and  according  to  the 
data  here  presented,  for  44.45  cents.  No  other  means  of  transportation 
can  approach  this  for  cheapness,  and  it  is  evident  that  if  the  ship  canal 
be  a  private  enterprise,  remunerative  tolls  can  be  paid  without  raising 
freight  costs  to  the  point  whei-e  competition  would  begin. 

The  economy  of  carriage  will  take  effect,  not  only  on  grain,  but 
also  on  all  other  commodities,  effecting  similar  savings  upon  the  pres- 
ent rail  rates  which  have  ruled  this  summer  for  car-load  lots  from 
Buffalo  to  New  York,  per  long  ton,  as  follows: 

Upon  articles  in  Class  1 §7 .  28. 

This  class  includes  many  kinds  of  package  freights  and  small 
fruits. 

Upon  articles  in  Class  2 §6 .  16. 

This  class  includes  wool,  hops,  canned  goods,  butter,  eggs,  dressed 
hogs,  green  hides,  etc. 

Upon  articles  in  Class  3 $5 .  04. 

This  class  includes  cheese,  paints,  and  many  kinds  of  boxed  and 
barreled  merchandise. 

Upon  articles  in  Class  4 33  36. 

This  class  includes  dry  hides,  baled  roije,  vegetables,  heavy  boxed 
and  barreled  goods  which  will  stand  rough  treatment,  and  certain 
kinds  of  castings  and  metal  goods. 
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Mr.  Dutton.  Upon  articles  in  Class  5 82 .80 

This  class  includes  lumber,  salt,  hav,  prreen  fruit,  grease,  candles, 
glue,  lard,  molasses,  stove  castings,  hollow  ware,  wall  finish,  peas, 
l^otatoes,  seeds,  etc. 

Upon  articles  in  Class  6 82.24 

This  class  includes  starch,  sal  soda,  rice  in  boxes,  green  coffee  in 
bags,  beans,  etc. 

Upon  flour,  etc 81 .  12. 

Upon  live  stock,  as  follows,  per  long  ton: 

Horses,  86.72;    sheep    and    hogs,   83.92;   cattle,  83.70. 

The  greatest  jiercentage  of  saving  in  the  cost  of  transportation  will 
be  on  dressed  meats,  which  now  pay  810.08  per  long  ton  from  Chicago 
to  New  York,  and  are  carried  exclusively  by  rail.  As  this  business  is 
now  conducted,  the  carcasses  are  first  cooled  for  30  days  at  Chicago 
and  then  shipped  in  refrigerator  cars  which  are  re-iced  four  or  five 
times.  When  lai'ge  steamships  can  ply  between  the  two  ports  the 
freshly  killed  carcasses  can  be  loaded  into  a  ship  having  a  cold  storage 
plant  and  cooled  while  in  transit,  the  cost  of  cooling  and  transporta- 
tion being  little,  if  any,  greater  than  the  cost  of  cooling  alone  at  Chi- 
cago, because  the  expenses  of  the  ship  w^ould  be  little,  if  any,  greater 
per  unit  of  capacity  than  those  of  the  warehouse  at  Chicago. 

The  figures  are  from  the  latest  official  i)ul)lications  of  the  United 
States  Government.  There  is  a  tendency  in  the  articles  to  slip  from 
one  class  into  another  on  different  roads,  which  makes  exactness  of 
statement  impossible  without  a  more  searching  analysis'  than  the 
speaker  had  time  to  make.  It  must  be  borne  in  mind  that  over  95%" 
of  the  freight  moved  jjays  these  or  higher  rates,  and  that  to  attempt 
to  limit  the  question  to  the  small  movement  over  the  Erie  Canal  is 
to  lose  sight  of  the  true  significance  to  the  West  of  a  ship  canal  to 
the  sea.  But  the  western  j^eoijle  do  not  get  their  minds  side-tracked 
in  any  such  way.  They  realize  that  economy  in  transportation  is  their 
only  salvation;  that  a  ship  canal  to  the  sea  will  pay  them  its  entire 
cost  in  a  single  season. 
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CORRESPONDENCE. 


EiCHAKD  Lamb,  Assoc.  M.  Am.  Soc.  C.  E. — A  canal-l)oat  98  ft.  long,  Mr.  Lamb. 
17.5  ft.  wide,  and  of  6  ft.  draft,  loaded  to  240  tons,  going  at  1  mile 
per  hour  on  7  ft.  dei)tli  of  water  with  a  canal  prism  of  4..50  sq.  ft.,  meets 
a  resistance  of  173  lbs.  The  same  boat,  on  8  ft.  dejith  of  water,  meets  a 
resistance  of  145  lbs.  On  9  ft.  of  water  the  resistance  would  be  about 
120  lbs.  The  resistance  increases  as  the  square  of  the  speed,  and  the 
power  necessary  to  overcome  the  resistance  as  the  cube  of  the  speed. 
It  will  therefore  be  seen  that  on  the  Erie  Canal,  with  its  jiresent  depth 
of  7  ft,,  a  boat  loaded  to  240  tons,  going  4  miles  per  hour,  meets  a 
resistance  of  2  768  lbs.  and  requires  29.44  H.  P.  to  overcome  this  resist- 
ance. If  the  canal  is  deepened  to  9  ft. ,  the  same  loaded  boat  would  meet 
a  resistance  of  1  920  lbs.  and  would  require  20.36  H.  P.  to  overcome  the 
resistance,  or  a  saving  of  about  30%  in  power.  The  same  power  that  is 
necessary  to  propel  this  boat  at  3.34  miles  per  hour  on  7  ft.  of  water 
would  projiel  it  at  4  miles  per  hour  on  9  ft.  of  water,  a  gain  of  17% 
in  speed,  which  at  a  speed  of  4  miles  per  hour  is  a  saving  of  about  30 
hours  on  the  round  trip  between  Buffalo  and  Albany  over  the  time  at 
3.34  miles  per  hour. 

It  is  not  practical  to  run  boats  on  the  Erie  Canal  much  in  excess  of  4 
miles  jier  hour.     At  a  6-mile  sjjeed  the  water  is  expelled  from  below 
the  bottom  of  the  boat.     Probably  this  is  owing  to  the  fact  that  the 
distance  between  the  bottom  of  the  boat  and  the  bottom  of  the  canal 
when  the  boat  is  not  running  is  about  1  ft.,  or  the  boat  has  about  12  827 
galls,  of  water  under  her.     At  6  miles  per  hour,  1  166  galls,  per  second 
would  have  to  go  through  17.5  sq.  ft.  of  sectional  area  if  the  boat  had 
not  buried  any;  but  as  a  matter  of  fact,  as  the  Erie  Canal  boats  are 
built,  practically  square  in  the  boAv,  the  boat  settles  as  the  speed  in- 
creases.    Hence  the  sectional  area  under  the  boat  would  be  much  less 
than  17.5  sq.  ft.,  making  it  impossible  for  such  a  quantity  of  water  to 
pass  under  the  boat  in  such  a  limited  time;  hence  it  takes  the  easier 
channels,  namely  on  both  sides,  until  there  is  no  water  under  the  boat 
at  all.    This  theory  is  borne  out  by  the  fact  that  at  the  bows  of  a  canal- 
boat  going  at  3  miles  an  hour  an  intumescence  of  the  water  is  formed 
at  least  1  ft.  high  above  the  level  of  the  water  on  the  side  of  the  boat. 
This  water,  not  being  able  to  get  under  the  boat,  passes  off  on  either 
side.     In  considering  the  available  speed  of  a  canal-boat,  the  swash 
has  to  be  taken  into  account.     In  a  report  by  John  Bogart,  M.  Am.  Soc. 
C.  E.,  as  State  Engineer  of  New  York,  he  tells  of  a  small  steam  yacht 
that  ran  6  miles  i)er  hour  on  the  Erie  Canal.     They  had  to  stop  her 
from  running  other  than  slowly  as  she  damaged  the  banks  excessively. 
A  canal-boat  running  much  over  4  miles  per  hour,  even  though  the 
Erie  Canal  was  deepened  to  9  ft.,  would  not  be  able  to  navigate  safely 
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Mr.  Lamb,  owing  to  the  manv  bends  and  contracted  places  where  steering  would 
be  exceedingly  difficult  and  dangerous.  As  the  canal  is  to-day  only  7 
ft.  deep,  a  boat  drawing  6  ft.  cannot  be  steered  at  a  speed  to  exceed  4.5 
miles  per  hour,  and  at  this  speed  only  with  difficulty  and  danger. 
The  rudder  needs  the  water  to  come  up  from  the  stern,  and  when  the 
water  practically  all  goes  to  the  sides,  the  boat  loses  her  steering 
way. 

It  is  therefore  evident  that  an  average  of  4  miles  per  hoiir  is  the 
l^roper  speed  to  attain.  The  steam  canal-boats  average  about  2.5  miles 
per  hour  and  the  horse  boats  about  1.75  miles  per  hour.  By  the 
writer's  system  of  electric  cableway,  it  is  possible  to  average  4  miles  per 
hour.  With  the  current  generated  by  water  power,  the  cost  of  this 
electrical  system  per  hour  per  mile  is  far  less  than  either  by  steam  or 
mules.  The  writer  believes  that  the  Erie  Canal  boat  of  the  near  future 
Avill  be  made  of  steel,  with  a  sjaoon-shaped  bow  to  raise  rather  than 
depress  her  when  running  fast,  and  will  be  150  ft.  long,  17.5  ft.  to  20 
ft.  wide  and  6  ft.  di-aft.  She  will  be  made  with  a  center-board,  so  that 
she  will  not  shear  when  in  a  sea  on  the  Lakes,  and  when  in  the  canal 
the  center-board  will  be  raised.  These  boats  will  load  at  the  lake 
ports  and  be  towed  in  trains  by  powerful  sea  tugs  to  Buffalo;  from  there 
they  will  be  towed  by  electric  cableway  motors  to  Albany,  and  thence 
by  powerful  river  tugs  to  New  York.  All  handling  and  elevator  and 
warehouse  charges  at  Buffalo  will  thus  be  saved.  The  writer  believes 
from  his  knowledge  of  the  difference  in  cost  of  shipping  Pocahontas 
coal  by  ocean-towed  barges  over  steam  or  sailing  vessels,  that  if  the 
present  cost  of  shipping  grain  from  Chicago  to  Biiflfalo  is  1.25  cents 
per  bushel,  the  train  of  steel  barges  can  do  it  for  1.05  cents  per  bushel. 
He  is  also  confident  that  a  good  profit  can  be  made  at  barging  from 
Buffalo  to  New  York  at  2  cents  per  bushel  by  electric  haulage.  By 
doing  away  with  the  Buffalo  handling  charges,  the  rate  would  become 
3.05  cents  jjer  bushel  from  Chicago  to  New  York.  No  railroad  could 
compete  with  this  rate  except  at  a  loss.  The  author's  estimate  of  prob- 
able cost  for  this  service,  namely,  2.5  cents  per  bushel,  is  most  likely 
accurate  and  conservative.  As  for  the  ship  canal  via  Lake  Ontario 
and  Lake  Chamiilain,  as  is  iJroposed  by  the  pneumatic  canal-lock  syn- 
dicate, its  estimated  cost  would  make  a  fixed  charge  of  over  2  cents 
per  bushel  on  all  the  freight  that  would  be  likely  to  go  through  it. 

Again,  any  ship  canal  that  uses  the  water  of  Lake  Ontario  with  a 
view  of  getting  an  ocean  outlet,  would  do  as  well  if  not  better  to  go  riu 
the  St.  Lawrence  River,  as  the  steamship  route  from  New  Y'^oTk  to 
Europe  is  northeastward  to  the  Banks  of  Newfoundland,  which  track 
would  not  be  far  from  the  mouth  of  the  St.  Lawrence  River.  If  a  ship 
canal  was  built  to  New  York  it  would  bo  closed  like  the  St.  Lawrence 
River  route  with  ice  during  the  winter,  at  which  time  it  would  not  be 
earning  any  money  toward  its  fixed  charges. 
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L.  C.  SABrs,  Assoc.  M.  Am.  Soe.  C.  E.— Wlien  a  waterway  is  made  Mr.  Sabin. 
up  of  two  parts,  one  artificial  and  narrow,  requiiing  limited  speed,  the 
other  natural,  placing  no  restrictions  on  the  size  or  speed  of  the  vessels, 
the  selection  of  the  boat  best  adapted  to  the  traffic  will  be  influenced  by 
the  relative  lengths  of  the  two  parts  and  the  extent  of  the  restrictions  ne- 
cessitated by  the  artificial  portion.  This  selection  is  usually  a  matter  of 
evolution.  It  is  of  interest,  however,  to  endeavor  to  arrive  at  the  prob- 
able cost  of  transportation  over  a  given  route  by  comparing  the  con- 
ditions in  a  proposed  channel  with  those  existing  in  channels  that  are 
giving  certain  known  results.  In  making  such  estimates  of  cost  of 
transportation  between  Chicago  and  New  York  by  the  Great  Lakes  and 
the  Erie  Canal,  the  author  reaches  what  appears  to  be  a  rather  surpris- 
ing conclusion.  Doubts  are  frequently  expressed  as  to  whether  the 
benefits  expected  to  accrue  from  the  construction  of  the  ship  canal  from 
the  Great  Lakes  to  the  sea  would  be  sufficient  to  warrant  the  expendi- 
ture of  so  vast  a  sum  as  this  project  would  require,  but  the  propo- 
sition is  now  advanced  that  a  barge  canal  9  ft.  deep  will  furnish  cheaper 
transportation  than  a  ship  canal  25  ft.  deep. 

Following  the  author's  figures  and  assumptions,  the  cost  of  trans- 
portation between  Chicago  and  New  York  by  t^jws  of  four  steel  barges 
and  one  tug,  and  by  the  Victory,  is  as  follows : 

Tidory.  Steel  barges. 

Running  time,  round  trip o\  days.  12  days. 

Delays  in  port 13      "  13 

Total  time,  round  trip 18.5"  25     " 

Round  trips  per  season 11      "  8 

Expenses             "             3120  000  324  000 

per  round  trip 11000  3  000 

"          per  single  trip 5  500  1  500 

Assumed  draft 20  ft.  7.5  ft. 

Cargo,  tons  7  000  2  400 

"        bushels  wheat 233  000  80  000 

Rate  on  wheat,  at  per  bushel 2.36  cents.  1.87  cents. 

If  these  results  represent  the  true  state  of  aff"airs  harbors  may  be 
allowed  to  silt  up  if  they  will ;  the  supposed  evolution  in  size  of 
carriers  has  in  truth  been  a  retrogression,  and  modern  lake  freighters 
must  give  place  to  barges  of  7.5  ft.  draft. 

For  the  consideration  of  this  question  there  are  reliable  data  con- 
cerning the  lake  traffic,  and  it  would  seem  well  to  consult  these  data 
for  a  starting  point.  The  author  states  that  the  "  transportation  be- 
tween Lakes  Superior,  Michigan  and  Erie  costs  less  now  than  trans- 
portation by  long  ocean  voyages  ;  as  the  vessels  have  full  cargoes  both 
ways  of  grain,  coal,  ore,  lumber  and  merchandise."     This  last  state- 
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Mr.  Sabin.  meut  is  not  accurate  as  regards  Lake  Superior,  and  probably  not  so 
for  Lake  Michigan.  lu  the  past  ten  years  the  up-bound  freight  passing 
St.  Mary's  Falls  Canal  has  amounted  to  biit  about  30%  of  the  total 
freight.  In  other  words,  the  west-bound  freight  has  been  less  than 
half  as  much  as  the  east-bound.  The  only  bulk  freight  passing  into 
Lake  Superior  in  large  quantities  is  coal.  In  1894  the  coal  passing  the 
canal  amounted  to  only  about  one-third  of  the  bulk  freights,  iron  ore, 
grain  and  lumber,  jjassing  east. 

It  does  not  ajjpear  why  "the  number  and  character  of  the  locks, 
the  length  of  detention  in  jjort,"  etc.,  "do  not  affect  this  discussion." 
If  modern  freighters  are  considered,  the  assumption  of  a  delay  in  port 
of  thirteen  days  for  each  round  trip  seems  quite  unwarranted. 

The  Victory  has  been  so  far  from  spending  thirteen  days  in  port  for 
each  round  trijj,  that  she  has  made  seyen  round  trips  from  two  harbors 
to  Cleveland  (or  Chicago)  in  the  past  two  mouths,  or  an  average  of  less 
than  nine  days  jier  round  trip.  She  therefore  went  three  single  trips 
in  13.5  days  instead  of  lying  in  port.  Large  lake  freighters  do  not  wait 
many  days  for  a  cargo,  but  however  long  they  might  wait,  they  could 
not  all  carry  full  cargoes  both  Avays.  It  is  thought  that  five  days'  delay 
in  port  will  be  ample  allowance  for  boats  receiving  and  discharging  two 
(one  partial)  cargoes  for  each  round  trija,  while  7.5  days  might  be 
allowed  on  the  route  from  Chicago  to  New  York,  where  partial  inter- 
mediate cargoes  might  be  taken. 

As  an  apjiroximate  estimate  of  the  running  expenses  of  the  Victory, 
and  the  larger  size  steel  barges,  the  following  is  submitted  : 


Men  required  per  day... 

Subsisteuce  per  day 

Coal,  ions  per  day 

Oil,  waste,  etc.,  per  day . 
Towing  charges  per  day. 


Banning  expenses. 


Banning  expenses  per  season. 

Outdttine,  painting,  etc 

Inearauce 

Interest 

Deterioration  and  loss 


Total  expeoBea  per  season . 


Victory, 
400  X  48  ft.    16  ft.  drait. 


20  at  $2  GO $40  00 


20  at 
30  at 


75. 
2  50. 


210  at  $140  00.. 


3^. 
lOfi^. 


15  00 
75  00 
2  50 
7  50 


$140  00 


, .  $29  400  00 

. .      4  600  00 

.      6  000  00 

.    20  000  00 

. .    16  000  00 


.  $76  000  00 


Tug  and  four  steel  barges, 
each  180  x  17.5  ft.   7.5  ft.  draft. 


20  at  $1  25 $25  00 

20  at        50 10  00 

10  at    2  50 25  00 

1  50 

$61  60 

210  at  $61  50 $12  900  00 

3500  00 

i^ 8,200  00 

lOV 800000 

8'4 6400  00 

$34  000  00 


In  the  estimated  expenses  given  in  the  paper  the  items  are  not  suffi- 
ciently detailed  to  admit  of  comparison  with  the  figures  given  above. 
In  explanation  of  the  large  difference  in  the  estimated  expenses  of  run 
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ning  the  steel  barges,  attention  may  be  called  to  the  fact  that  the  Mr.  Sabin. 
author's  estimate  of  $30  per  day  running  expenses  would  not  pay  the 
exjjenses  of  the  tug  alone  if  running  on  the  Lakes,  and  the  barges  must 
each  have  at  least  three  seamen  aboard.     For  the  sake  of  argument,  it 
will  be  assumed  that  the  barges  will  keep  afloat  210  days  a  year. 

Taking  the  cost  of  transportation  in  the  Erie  Canal,  by  boats  which 
ply  the  canal  only,  at  the  figures  given  in  the  paper,  and  ajJi^lying  the 
changes  indicated  above  as  to  delays  in  port,  probable  cargoes  and 
running  expenses  of  lake  boats,  the  following  results  are  obtained: 

I. — Ship  canal,  18  ft.  deep,  16  ft.  draft.  Steamer  Victory,  5  000  tons. 
Total  time,  round  trip,  21  days;  10  trips  per  season.  Expenses  per 
season,  876  000;  per  trip,  $7  600. 


Receipts — West,  half  cargo,  2  .500  tons  coal  at  40  cents. 81  000 
East,  full  cargo,  5  000  tons  wheat  at  81  32. .   6  600 


87  600 


Rate  per  bushel  on  wheat,  4  cents. 


II. — Ship  canal,  25  ft.  deep,  20  ft.  draft.  Steamer  Victory,  7  000 
tons.  Total  time,  round  trip,  18  days;  12  trips  per  season.  Expenses 
per  season  (extra  coal,  84  000)  880  000;  per  trip,  86  650. 


Receipts— West,  3  500  tons  at  40  cents 81  400 

East,  7  000  tons  at  75  cents 5  250 


86  650 


Rate  jjerbiishel  on  wheat,  2.25  cents. 


III. — Present  Erie  Canal  and  Lakes. 

Chicago  to  Buffalo,  total  time,  10.5  days.     Round  trips  per  season, 
20  days. 

16-ft.  Draft.  18-ft,  Draft. 

Expenses  per  season 876  000  880  000 

round  trip 3  800  4  000 

Receipts — West,  half  cargo  coal  at  40  cents . .       1  000  1  200 

East,  full  cargo  wheat 2  800  2  800 

Rate  per  ton  on  wheat 56  cents.  47  cents. 

Rate  per  bushel,  Chicago  to  Buffalo 1.68  cents.  1.4    cents. 

Elevating  and  trimming 1.15  1. 15 

Canal  transj^ortation  (author) 2.33  2.33 

Total  cost,  Chicago  to  New  York,  per  bushel. .  .5.16  cents.  4.88  cents. 
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Mr.  Sabin.        W.— Lakes  to  Buffalo  and  (90 X  17.5  ft.)  Barges  in  Canal. 

, Is  Lakes . 

l^ft.  draft.  18-ft.  draft. 

Chicago  to  Bufifalo,  same  as  III 1-68  1.4 

Elevating  and  trimming 1-15  1- 1<^ 

Canal  transportation  (author) 2.00  2.00 

Total  cost  per  bushel,  Chicago  to  New  York.  .  4.83  cents      4.55  cents, 
v.— Steel  barges,  180x17.5  ft.,  Chicago  to  New  York. 

7.5  days  delay;  half 

Five  days  delay ;    cargo  rndse.  on  canal 

half  cargo  coal     at     50     cents,    half 

west  on  Lakes,     cargo  coal  on  Lakes 

at  40  cents. 

Total  time,  roiand  trip 28.5  31. 

Round  trips  per  season 8  7 

Expenses  per  round  trii? S4  250             84  860 

Eeceipts— West 480  1080 

East 3  770  3  780 

Rate  per  bushel  on  wheat,  Chicago  to  New 

York 4.7  cents        4.7   cents. 

Summarizing  these  results  the  following  table  is  obtained : 


Case. 


Conditions. 


I.. 'ship  canal  18  ft.  deep,  allowing  16  ft.  draft 

U..      "        "      25"      '•  "        20"       "     

in..  Barge  canal  7  ft.,  and  Lakes  |^»^f«'J^  ,?   ^"f;^'] 

Barge  canal  9  ft.,  and  Lakes  [^"^f^-  }^  ^}-  ^^!t^'\ 
Barge  canal  and  Lakes,  no  transshipment 


Dollars 

Cents 

per 

per 

ton. 

bushel. 

1.32 

4.00 

.75 

2.25 

1.72 

5.16 

1  63 

4.88 

1.61 

4.83 

1.62 

4.66 

1.57 

1 

4.70 

Mills 

per 

ton-mile. 


1.00 
0.65 
1.26 
1.20 
1.18 
1.12 
1.15 


Comparing  I  and  11,  tlie  advantage  of  the  deeper  canal  is  clearly 
shown,  but  if  I  and  II  are  compared  with  V,  it  wall  be  found  that  even 
an  18-ft  channel  is,  according  to  the  assumptions  made  by  the  writer, 
preferable  to  a  barge  canal,  while  the  25- ft.  channel  would  effect  a 
saving  of  nearly  2.5  cents  per  bushel  over  transportation  by  barges. 

In  conclusion  it  is  of  interest  in  pa.ssing  to  note  the  amount  of  ton- 
nage retjuired  to  pay  interest  on  an  investment  of  §150  000  000  in 
Vjuilding  a  ship  canal  25  ft.  deep.  Reckoning  interest  at  4)'o,  the 
amount  will  be  ^6  000  000  per  year  and  with  a  saving  per  ton  of  (^1.57 — 
90.75)  82  cents,  the  required  freight  tonnage  would  be  about  7  500  000, 
or  about  one-half  the  amount  that  passes  St.  Mary's  Falls  Canal. 
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L.  J.  LeConte,  M.  Am.  Soc.  C.E.  — TLe  author's  premises  will  hardly  Mr.  LeConte. 
stand  fair  criticism,  and,  as  a  natural  consequence,  his  final  conclusions 
must  be  more  or  less  subject  to  some  modification.  He  seems  to  be 
in  error  in  assuming  that  the  estimated  expenses  in  the  two  cases 
relating  to  ship  canal  will  be  igll6  450  and  •'5120  000  respectively. 
These  estimates  are  j^laiuly  based  on  the  supposition  that  the  entire 
lake  fleet  of  large  vessels  will  always  remain  hibernated  in  the  Lakes  for 
five  months  in  the  year,  as  is  now  the  case.  On  the  contrary,  so  soon 
as  the  ship  canal  shall  have  been  completed,  this  lake  fleet  will  find  it 
to  its  interest  to  migrate  every  winter  to  the  Atlantic  and  engage  in 
the  coasting  trade,  where  it  will  remain  until  the  season  on  the  Lakes 
opens  again.  It  is  clear  that  the  second  and  third  items  under  esti- 
mated expenses  will  be  reduced  practically  to  one-half  the  amounts 
stated  in  the  laajjer.     These  cases  will  thus  stand  as  follows  : 

L — Eighteen-foot  Erie  ship  canal.  Total  annual  expenses  on  lake 
and  canal  traffic,  $84  500  ;  rate  exjiressing  actual  cost  of  transportation, 
3.67  cents  per  bushel. 

11. — Twenty-five-foot  Erie  ship  canal.  Total  annual  exj^enses 
chargeable  to  lake  and  canal  traffic,  .$87  000 ;  rate  expressing  actual 
cost,  2.3G  cents  per  bushel,  which  is  something  less  than  the  author's 
barge-train  rate,  2.5  cents  per  bushel. 

The  author's  remarks  relating  to  the  introduction  of  a  system  of 
barge  trains,  2  400  tons  each,  with  a  9-ft.  canal,  are  certainly  wise  and 
economical  from  every  point  of  view,  but  it  is  evident  that  the 
ship  canal  will  accommodate  both  ships  and  barge  trains  alike.  Fur- 
thermore, the  25-ft.  ship  canal  will  admit  of  deep-draft  barges  and 
trains  of  much  greater  length,  controlled  by  two  tiigboats,  one  at 
either  end,  so  as  to  have  complete  command  while  going  around  the 
bends.  As  a  result,  greater  speed  and  economy  will  certainly  follow. 
The  actual  cost  of  transportation  of  grain  by  these  large  barge  trains 
ought  not  to  exceed  2.25  cents  i^er  bushel  from  Chicago  to  New  York 
City. 

Lewis  M.  Haupt,  M.  Am.  Soc.  C.  E. — The  question  of  cheaper  Mr.  Haupt. 
transportation  is  always  pertinent,  and  it  is  generally  admitted  that 
the  open  waterway  furnishes  the  cheajiest  known  medium.  When  it 
comes  to  restricted  artificial  channels,  bowever,  it  is  evident  that  a 
limit  may  be  reached  beyond  which  this  law  does  not  obtain.  The 
author  has  shown  in  a  practical  and  conclusive  manner,  as  based  upon 
his  data,  the  relative  importance  of  the  barge  canal  and  the  ajjparent 
inutility  of  a  shii^  canal  between  the  Great  Lakes  and  tidewater.  But 
this  case  can  hardly  be  used  as  a  basis  for  a  generalization  since  his 
figures  are  concrete.  They  serve  to  show,  by  inference  at  least,  how 
many  elements  there  are  entering  into  the  i)i-oblem,  and  especially  the 
importance  of  time,  as  measured  by  distance,  lockage,  demurrage  and 
sectional  area.     He  also  shows  an  intimate  relation  between  vessel  and 


36    CORRESPOXDEXCE    OX    DEPTH    OF    ARTIFICIAL    WATERWAYS. 

Mr.  Hrtupt.  channel,  and  raises  tlie  question  as  to  whether  the  canal  should  be 
designed  for  the  ship  or  the  reverse.  Here,  again,  arises  a  question  of 
policy  as  to  what  size  of  waterway  will  yield,  the  largest  returns  for 
the  capital  invested,  which  is  a  function  of  traffic,  rates,  geology, 
topogi-aphy,  labor,  prices,  plant,  water  supply  and  many  other  variables. 
But  for  a  given  traffic,  at  a  paying  rate,  it  will  be  a  simple  matter  to  de- 
termine the  capital  which  may  be  safely  invested,  while  the  size  of  the 
trunk  is  more  largely  dependent  upon  water  supply  than  on  any  other 
factor.  This  determined,  the  dimensions  of  locks  and  consequently 
of  boats  is  in  a  measure  fixed  by  the  ratio  between  midship  section  and 
cross-section  of  the  waterway  necessary  for  appropriate  speed  without 
material  damage  or  excessive  power.  The  mere  clearance  under  the 
keel  is  not  so  important  as  the  width,  for,  in  the  writer's  opinion,  it  is 
the  inei]uality  of  jjressure  due  to  the  lateral  wave  displacement  in 
narrow  channels,  when  the  boat  is  not  in  the  center,  that  causes  shear. 
The  allowance  made  for  port  detentions  in  the  calculations  seems 
excessive,  especially  in  view  of  the  mechanical  appliances  for  handling 
cargoes  in  bulk.  The  statement  has  been  made  that  a  lake  propeller 
unloaded  3  000  tons  at  Erie,  sailed  to  Ashtabula,  and  took  on  1  800 
tons,  entering  and  clearing  at  both  places  in  one  day. 

The  present  demands  of  lake  commerce  may  be  economically  met 
"by  the  9-ft.  barge  navigation,  but  it  should  be  remembered  that  the 
Irl-ft.  outlet  through  Canada  will  soon  be  completed,  and  if  the  com- 
mercial value  of  a  waterway  varies,  according  to  Stei^henson,  as  the  ■ 
cube  of  the  dejith,  where  will  New  York  and  the  Atlantic  seaboard 
•come  in,  at  this  ratio  of  9^  to  1J:^  or  about  1  to  A? 

Improvements  in  canal  lifts  and  locks  are  now  in  order,  and  the 
prospects  are  that  ere  long  the  old  gate  of  Leonardo  di  Vinci  will  be 
supplanted  by  the  hydraulic  lifts,  which  save  both  time  and  water, 
thus  effecting  still  greater  economy  in  the  much  needed  improvements 
in  internal  navigation. 

The  author's  statements  hardly  apply  to  the  proposed  coastwise 
canal  system,  nor  are  they  intended  to  do  so,  since  the  vessels  need  not 
be  constructed  for  a  particular  class  of  trade.  These  canals  should  be 
capable  of  passing  any  ordinary  coaster,  whether  barge,  brig,  steamer 
or  canal  Ijoat,  at  a  fair  rate  of  speed,  and  it  is  found  that  they  \W11  save  at 
least  50 "o  of  the  time  on  the  round  trip,  and  can  be  oi^erated  at  a  toll 
of  less  than  half  the  present  rates,  and  with  benefits  to  all  interests. 
Yet  it  is  asserted  that  they  are  not  needed,  would  not  pay  and  will 
never  be  built. 
Mr.  Babcock.  W.  J.  Babcock,  Esq.* — The  use  of  steel  barges  180  ft.  long,  17  ft.  wide 
and  with  7.")  ft.  draft  in  a  safe,  large  and  uninterrupted  traffic  between 
Chicago  and  New  York,  is  utterly  impracticable  from  any  commercial 
standpoint.    The  writer  could  guarantee  to  build  a  barge  of  these  dimen- 

*MaDager  of  the  Chicago  Shipbuildiog  Company. 
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sions  which  would  be  entirely  seaworthy  and  safe  for  the  lake  trip  in  all  Mr.  Babcock. 
weathers,  provided  the  towing  vessel  was  either  a  large  steamer  or  a 
powerful  tug,  and  not  more  than  two  or  three  such  barges  were  in  one 
tow.  If  the  power  is  to  be  applied  in  a  similar  barge,  however,  in- 
tended to  go  through  the  canal  herself,  then  the  experiment  would  be 
dangerous,  as  the  draft  of  the  tug  is  too  little,  and  she  could  not  make 
headway  against  a  gale  or  sea  with  a  tow  behind  her,  and  hardly  by  her- 
self even.  Such  a  barge,  without  power,  would  carry  17  000  bushels 
of  wheat.  There  are  boats  on  the  lakes  which  carry  ten  times  that 
amount  even  under  the  present  conditions  of  navigation,  and  make 
their  trijis  with  almost  the  regularity  of  a  passenger  train.  Ten  barges 
would  require  four  or  five  steamers  to  tow  them,  and  the  whole  com- 
bination could  not  begin  to  transport  the  170000  bushels  as  cheaply  as 
the  one  boat  would  do  it. 

Thoiias  T.  Johnston,  Esq.* — The  paper  states  that  "  the  loud  cry  Mr.  Johnston, 
for  ship  canals  "  is  because  of  the  charge  for  transshijjment  of  cargoes 
at  Buffalo,  but  there  are  broader  grounds  for  it.  The  ship  canals  at 
the  mouth  of  Lake  Sni^erior  are  the  most  important  in  existence.  It 
is  within  the  memory  of  men  still  young  when  the  canal  and  locks  at 
St.  Mary's  Falls  were  of  9  ft.  lift,  two  in  number,  with  a  depth  of  12 
ft.  on  the  mitre-sills,  an  arrangement  permitting  a  much  more  exten- 
sive commerce  than  would  be  ^jossible  in  the  Erie  Canal  enlarged  to  a 
depth  of  9  ft.  The  usefulness  of  such  an  arrangement  ceases  when  the 
tonnage  excee^ls  about  5  000  000  tons.  To-day  there  are  two  canals 
and  three  gigantic  locks,  those  of  recent  construction  having  a  depth 
of  21  ft.  on  the  mitre- sills.  The  bari'ier  to  commerce  at  this  place 
could  not  possibly  be  surmounted  by  a  canal  having  even  14  ft.  depth, 
and  hence  the  loud  cry  for  ship  canals  at  this  place. 

Before  a  ship  canal  could  be  constructed  from  the  Great  Lakes  to 
the  sea,  great  changes  will  take  i:)lace  in  the  commercial  requirements 
of  the  people  affected  by  the  Great  Lakes  as  a  commercial  artery.  St. 
Louis,  through  the  Chicago  sanitary  and  ship  canal,  -will  stand  in  the 
same  relation  to  the  Great  Lakes  that  Duluth  does  now,  and  50  000  000 
lieoi)le  west  of  Chicago  will  use  foreign  goods  brought  to  them  by  way 
of  the  Lakes.  The  interchange  of  commodities  east  and  west  will  be 
many  times  greater  than  at  j^resent,  and  individual  products  will  be 
demanded  in  such  large  quantities  that  bulk  shipments  can  be  made. 
Small  craft  and  canals  for  small  craft  cannot  carry  the  traffic,  and 
hence  another  loud  cry  for  ship  canals. 

"The  question  of  first  cost,  the  interest  on  which  is  represented  by 
tolls,"  is  at  the  bottom  of  much  opposition  to  ship  canals.  If  the 
sentiment  on  which  this  matter  of  tolls  rests  is  to  ijrevail,  the  canals  and 
locks  at  St.  Mary's  Falls  should  be  destroyed  at  once,  and  no  man 
should  be  allowed  to  drive  his  wagon  from  farm  to  market  without 

•  Assistant  Chief  Engineer,  Sanitary  District  of  Chicago. 
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Mr.  Johnston,  making  a  casli  payment  for  eacli  trip.  Existing  transportation  lines, 
aside  from  waterways,  cannot  possibly  carry  tlie  commerce  of  the 
future,  and  must  prosper  in  general  as  a  consequence  of  the  develop- 
ment of  ship  canals.  The  facilities  for  commerce  offered  by  a  water 
route,  free  from  tolls,  affords  the  basis  for  another  loud  cry  for  ship 
canals. 

It  is  assumed  in  the  paper  that  the  Viciori/  will  be  delayed  in  port 
^§  of  the  time  she  is  in  commission;  that  a  ship  canal  from  Buffalo  to 
New  York  will  have  50  locks;  that  300  to  600-ton  barges  can  be  made 
suitable  craft  for  lake  navigation  at  an  expense  of  $6  a  day;  and  that 
it  is  proper  to  settle  the  merits  of  a  ship  canal  on  the  basis  of  grain 
transportation  alone.  It  is  a  matter  of  record  that  a  large  lake  vessel 
has  delivered  a  cargo  of  ore,  been  loaded  with  coal,  and  cleared  Avithin 
15  hours.  The  ship  canal  from  Buffalo  may  have  less  than  a  fourth  of 
fifty  locks.  The  harbor  of  Chicago  could  scarcely  hold  enough  600- 
ton  boats  to  deliver  and  load  the  grain  and  flour  shipments  that  are 
made  now,  to  say  nothing  of  the  future.  There  are  many  cargoes  to 
be  carried  between  the  Great  Lakes  and  the  seaboard  which  cannot  be 
correlated  to  grain  cargoes. 

The  assumptions  on  Avhich  the  calculations  in  the  j^aper  are  based 
may  be  easily  ijaralleled  with  other  equally  logical  assumptions  lead- 
ing to  very  different  conclusions.  The  merits  of  a  ship  canal  from 
Buffalo  to  New  York  may  be  logically  discussed  in  the  light  of  the  per- 
formance of  the  best  class  of  boats  carrying  through  freight.  At  the 
present  time  every  existing  transportation  facility  between  the  Upper 
Lakes  and  the  seaboai'd  is,  and  for  some  time  will  be,  taxed  to  its  ut- 
most capacity  to  handle  commerce.  The  city  of  Chicago  will  this  fall 
pay  a  tax  of  more  than  82  000  000  on  anthracite  coal  alone  on  account 
of  this  state  of  affairs. 
Mr.  Clarke.  T.  C.  Claeke,  M.  Am.  Soc.  C.  E. — The  object  desired  by  the  author 
"  of  exciting  discussion,"  has  certainly  been  attained.  The  conclusions 
of  his  paper  were  : 

Firsf. — "  That  a  ship  canal  ought  not  to  be  less  than  25  ft.  deep,  if 
it  be  intended  to  pass  large  lake  vessels."  None  of  those  discussing 
the  paper  disagree  with  this. 

Second. — "That  a  slight  enlargement  of  the  Erie  Canal  may  allow 
fleets  of  steel  barges  to  run  from  New  York  to  Chicago,  and  transport 
freight  at  less  rates  than  large  lake  vessels  could  do  in  a  25-ft.  ship 
canal,  even  if  it  were  (also)  used  free  of  tolls." 

This  statement  is  controverted,  but  the  aiithor  fails  to  see  that  his 
arguments  have  been  disapproved.  The  points  attemi)ted  to  be  made 
are  : 

That  the  author  has  allowed  too  long  a  time  for  detention  in  port, 
and  to  disai)prove  this  several  writers  show  that  the  large  lake  steam- 
ers carrying  coal  to  and  ore  from  the  upper  lake  ports  to  Chicago  or 
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Cleveland  only  remain  one  day  loading  and  unloading  at  each  port.  Mr.  Clarke. 
This  fact  was  well  known  to  the  author,  but  it  has  nothing  to  do  with 
the  case  of  a  ship  canal  through  the  State  of  New  York.  A  large  lake 
steamer  gets  her  extraordinary  economy  of  transport  because  she  is 
moving  back  and  forward  all  the  time  with  full  cargoes  between  two 
terminal  ports.  As  she  can  get  full  cargoes  she  does  not  have  to  stop 
by  the  way. 

Put  this  expensive  machine  on  a  canal,  and  all  the  conditions  are 
changed.  Her  rate  of  sjseed  cannot  be  over  one-half  and  possibly  not 
over  one -third  of  that  in  deep  water.  New  York  and  any  single  lake 
port  could  not  afford  full  cargoes.  She  must  stop  at  intermediate 
ports,  both  on  the  canal  and  on  the  Lakes,  to  take  on  and  discharge 
cargo,  or  she  will  not  have  enough.  Hence  the  author  allowed  13  days 
for  detentions  in  ports  and  still  believes  it  a  correct  and  conservative 
estimate. 

As  to  the  details  of  cost  of  operation  while  in  motion,  all  those  dis- 
cussing the  paper  differ  from  each  other  as  w  ell  as  from  the  author,  but 
he  sees  no  reason  to  change  his  figures. 

The  ship  canal  would  enable  the  lake  fleet  to  go  to  the  sea,  and 
carry  on  transj^ortation  between  Atlantic  ports  diaring  the  season  of 
closed  navigation  on  the  Lakes,  during  such  time  as  they  would  not 
have  to  be  laid  up  for  repairs.  But  the  same  advantage  can  be  gained 
by  fleets  of  steel  barges,  which  could  be  used  between  Boston,  New 
York  and  Philadelphia,  as  similar  craft  are  now  used.  The  author 
fails  to  see  how  his  comparison  is  affected. 

Mr.  Babcock  says  that  a  barge  180  ft.  long,  17  ft.  wide  and  7^  ft. 
deep  is  impracticable  commercially,  because  a  large  steamer  or  power- 
ful tug  would  be  required  on  the  Lakes,  more  powerful  than  that 
necessary  on  the  canals.  The  author  fails  to  see  why  one  kind  of  tug 
could  not  be  used  on  the  Lakes,  another  on  the  canals. 

But  the  author  did  not  say  that  siich  large  barges  were  absolutely 
necessary  ;  he  merely  suggested  (page  5,  line  2)  that  it  might  be 
easier  to  get  insurance  upon  them  than  upon  smaller  barges.  This 
matter  of  insurance  really  is  the  key  to  the  whole  problem,  and  none 
of  the  objectors  have  denied  its  possibility.  The  company  which  built 
and  tested  steel  barges  on  the  canal  and  Lake  to  Cleveland  do  not  seem 
to  fear  any  trouble,  as  they  have  lately  given  an  order  for  ten  more 
barges  and  three  tugs. 

From  the  reports  of  the  Inland  Lloyds  for  1895  it  is  possible  to 
analyze  the  cause  of  disasters  to  the  lake  fleet.  It  is  generally  believed 
that  storms  and  rough  seas  are  the  cause  of  the  greater  part,  and  that 
fleets  of  barges  are  not  as  seaworthy  as  larger  steamers.  This  is  true, 
but  it  is  interesting  to  see  how  small  a  part  of  the  actual  losses  are  due 
to  winds  and  waves. 
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Mr.  Clarke.  Graxd  Total  of  Losses  on  Boats  on  Upper  Lakes.      Fbo3i  Reports 

OF  Inlant)  Lloyds  in  1895. 

1.  CoUisions S2%        $667  369 

2.  Driven  ashore 22>'5'  476  914 

3.  Disasters  in  the   Sault  Ste.  Marie 

passage 14% 

4.  Fire 165*^ 

5.  Struck  rocks 12>V 

6.  Unclassified 4:% 

loo.v 


301  429 

316  445 

211985 

70  777 

S2  077  697 

A  very  cursorv  inspection  of  this  table  shows  that  on  items  3,  4  and 
5  the  chances  of  disaster  would  be  less  to  tows  of  barges  than  to  large 
steamers,  while  on  item  1  it  need  be  no  greater.  On  item  2  only  the 
barges  would  be  more  liable  to  disaster  than  the  large  single  craft. 
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A  HIGH-SPEED  GRAVITY  FILTER  BED. 


By  A.  McL.  Hawks,  Jun.  Am.  Soc.  C.  E. 
Presented  Septesibee  4:TH,  1895. 


WITH  DISCUSSION. 


The  following  description  of  a  filter  bed  designed  and  constructed 
for  the  Tacoma  Light  and  Water  Company  by  the  author,  as  engineer 
in  charge,  may  prove  interesting  because  of  the  rapidity  of  construc- 
tion, extremely  low  first  cost,  ease  and  cheapness  of  operation,  and  the 
excessively  high  speed  at  which  it  was  operated.  On  May  12th,  1892, 
the  author  was  consulted  by  the  chief  engineer  of  the  Tacoma  Light 
and  Water  Company  concerning  the  necessity  of  purifying  that  portion 
of  the  water  sujiplied  to  the  city  of  Tacoma  which  comes  from  brooks 
situated  about  10  miles  south  of  the  city  upon  the  gravel  prairie,  and 
the  means  to  be  used  to  obtain  such  purification. 

In  order  to  understand  the  demand  for  siich  a  move  on  the  com- 
pany's part,  it  will  be  necessary  to  explain  the  causes  and  surround- 
ings. Biashalier  Creek,  from  which  the  company  took  its  upper  supply, 
is  the  outflow  from  a  small  lake  called  Spauaway,  which  has  a  surface 
area  of  260  acres,  and  is  supplied  from  s])rings  in  and  about  the  lake 
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aud  from  one  main  feeder  5  miles  long.  The  normal  flow  of  Bushalier 
Creek  is  from  5  000  000  to  7  000  000  galls,  in  the  dry  season,  rising  to 
20  000  000  or  25  000  000  galls,  in  the  rainy  season.  On  the  banks  of 
the  lake  are  several  farms  and  a  town,  Lake  Park,  with  500  inhabitants, 
and  the  whole  length  of  the  feeder  is  through  farms  and  tilled  land. 
Although  the  houses  stand  upon  a  gravel  plain  10  to  50  ft.  above  the 
lake  level,  which  would  act  as  a  rough  filter  of  that  depth,  contamina- 
tion steadily  increased  until  the  spring  water  from  the  gravel  beds  had 
become  very  offensive  in  the  dry  season;  added  to  this  was  the  growth 
of  alga?  and  other  low  forms  of  animal  and  vegetable  life  which  thrive 
wonderfully  on  the  Pacific  Coast,  and  when  dead  and  decaying  give  a 
particularly  rank  odor  and  taste  to  the  water. 

At  the  time  the  author  was  called  upon,  these  causes  had  not  oper- 
ated sufficiently  long  to  demand  a  very  elaborate  or  costly  plant;  and, 
too,  the  company  had  already  purchased  Maplewood  Springs,  having 
a  minimum  flow  of  11  000  000  galls. ,  and  proposed  to  purchase  others, 
so  that  ultimately  the  whole  supply  would  come  from  pure  sources 
beyond  possible  contamination.  The  whole  matter  was  therefore  re- 
garded as  a  temporary  expedient  to  last  but  a  few  years  and  to  be  used 
only  during  the  summer  months,  and  economy  of  construction  and 
operation,  as  well  as  that  bane  of  all  engineers'  lives,  great  haste  for 
completion,  were  a  desideratum. 

Mechanical  filters  were  considered,  but  the  time  required  to  nego- 
tiate for  such  a  plant,  as  well  as  the  first  cost,  debarred  them;  the 
Anderson  process  was  seriously  considered,  but  cost  also  barred  this. 
To  grade  and  prepare  the  requisite  space  in  which  to  operate  a  gravity 
filter  at  50  galls,  per  square  foot  upon  the  system  in  use  at  Lawrence, 
Mass. ,  would  cost  S2  200,  and  for  roofing  over  such  an  area,  an  absolute 
necessity  in  this  climate,  the  cost  would  be  $3  000.  These  two  items 
were  sufficient  to  i)ut  this  oiit  of  the  question.  There  remained  prac- 
tically but  one  thing  to  do,  and  that  was  to  design  a  new  form  of  bed 
which  could  be  operated  at  a  much  higher  speed  than  usual. 

While  a  student  in  the  office  of  J.  Herbert  Shedd,  M,  Am.  Soc.  C. 
E.,  the  author  studied  the  "  Report  on  the  Filtration  of  River  Waters," 
by  the  late  J.  P.  Kirkwood,  Past  President  Am.  Soc.  C.  E.,  and  in 
leisure  hours  made  many  experiments,  using  as  his  original  plant  some 
very  large  flower-pots,  graduating  later  on  to  two  lengths  of  8-in.  drain 
tile.     At  a  still  later  date,  while  employed  in  the  office  of  the  water- 
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works  commissioner  of  the  city  of  St.  Louis,  the  experimental  filters 
then  being  run  furnished  much  valuable  information.  The  two  small 
tilters,  Figs.  1  and  2,  had  sides  made  of  plate  glass,  thus  showing 
plainly  every  action  which  took  place  within  them.  They  were  riin  at 
the  regular  rate  of  50  galls,  per  square  foot  per  day. 

It  was  noticed  in  their  operation  that  a  head  of  0.1  ft.  was  suffi- 
cient to  run  them  for  some  time;  as  they  clogged,  this  head  increased 
to  3  ft.  for  the  downward  type,  and  1  ft.  for  the  upward.  When 
this  point  was  reached,  they  ■rt'ere  cleaned  by  removing  the  top  layer 
of  sand  in  the  former  and  reversing  the  flow  in  the  latter,  after  which 
they  would  be  started  again  with  the  same  head  as  at  first.  If 
much  greater  head  was  put  upon  them  a  break  would  occur,  forcing 
the  sand  down  into  the  gravel  in  the  downward  type,  or.  passing  up 
in  the  other,  would  agitate  the  sand  in  the  manner  which  is  seen  in 
every  boiling  spring,  in  both  cases  destroying  the  integrity  of  the  filter 
and  distributing  the  impurities  all  through  the  sand.  Other  minor 
puzzling  questions  were  solved  by  the  glass  filters,  but  this  was  the 
most  important,  as  it  explained  why  no  more  than  about  100  galls,  per 
square  foot  could  be  forced  through  the  tiles  without  seriously  affect- 
ing their  filtering  qualities.  These  glass  filters  suggested  one  import- 
ant question:  If  a  head  of  3  ft.  could  be  safely  imposed  on  them 
without  injury,  simply  because  a  thin  coating  of  imi^urities  acted  as  a 
damper  to  retard  the  flow  and  reduce  the  pressure,  thus  preventing  dis- 
turbance of  the  sand,  why  could  not  some  means  be  devised  to  hold 
the  sand  in  place  and  make  use  of  a  part  of  that  head  for  operation, 
running  them  at  a  much  higher  speed?  -Accordingly  it  was  decided  to 
attempt  in  these  beds  to  run  at  a  speed  of  500  galls,  per  square  foot 
l^er  day.  To  do  this  work  required  a  sand  of  large  grain,  free  from  all 
finer  matter,  and  there  was  the  danger  that  the  chief  usefulness  of  a 
filter,  viz.,  its  abihty  to  thoroughly  strain  out  all  impurities  might  be 
lost.  To  avoid  this  and  to  help  hasten  the  process,  it  was  determined  to 
use  a  coagulant.  Three  of  the  cheapest  and  readiest  were  considered : 
alum,  borax  and  iron  in  the  form  of  oxide  or  carbide.  The  first  two 
are  comparatively  expensive  and  are  open  to  the  further  objection  that 
they  add  a  certain  hardness  to  the  water  and  are  considered  unhealthy 
by  many.  The  third  is  very  cheap  and  lasting;  and  if  a  small  quantity 
enters  the  filtered  water  it  only  acts  as  the  rusty  nails  which  it  was 
formerly  thought  necessary  to  keep  in  the  water-pail  to  have  the  very 
best  water. 


HAWKS   OX   A    HIGH-SPEED    FILTER.  45 

It  was  decided  also  to  have  some  form  of  aeration  in  connection  with 
the  filters.  Much  has  been  written  on  both  sides  of  the  case  concern- 
ing the  value  of  entrained  air  as  a  factor  in  the  purification  of  water. 
In  intermittent  filtration,  where  the  periods  of  submergence  are  short 
and  at  infrequent  intervals,  it  is  doubtless  one  of  the  greatest  factors; 
but  in  filters  which  are  in  constant  use,  where  the  exposure  to  the  air 
is  only  for  an  hour  or  two  every  few  days,  orjjossibly  weeks,  not  much 
can  be  expected  trom  this  cause.  As  a  matter  of  fact,  the  glass  filters 
at  St.  Louis  showed  no  sign  of  holding  entrained  air  at  any  time;  and 
as  will  be  shown  later  on,  the  Tacoma  filters  showed  no  sign  of  its 
presence  1.5  minutes  after  the  water  was  turned  on.  That  oxygen  is 
one  of  the  best  purifying  agents  known,  no  one  will  deny;  that  such  a 
small  amount  as  could  be  retained  and  not  be  found  in  a  filter  so  ex- 
posed as  this  was  could  be  of  value  may  be  doubted.  In  order  that 
air  may  act  beneficially  either  the  water  must  be  thoroughly  exposed 
to  it  in  the  form  of  thin  sheets  falling  over  weirs,  or  else  the  air  must 
be  introduced  and  thoroughly  mixed  with  the  water  in  the  form  of 
minute  bubbles.  As  this  latter  method  reqiiired  the  installation  of 
some  form  of  air  compressor,  it  was  jiassed  over  and  the  first  was  used. 
With  the  foregoing  premises  in  mind  it  was  determined  to  construct 
a  filter  having  these  main  features,  viz. ,  screens  at  the  headgate  to  re- 
move all  large  trash;  a  flume  of  sufficient  dimensions  to  give  at  least  10 
minutes'  time  to  operate  on  the  water  while  it  was  in  transit;  grade  to 
make  five  overfalls,  and  as  many  slopes  to  agitate  the  water;  five  level 
sections  to  hold  scrap  ii-on  and  punchings;  and,  finally,  an  upward 
filter  in  which  to  remove  all  impurities;  to  be  roofed  over,  and  to  oper- 
ate at  the  rate  of  500  galls,  per  square  foot  per  day. 

On  May  14th  the  author  made  a  rough  survey  of  the  locality  where 
the  filter  was  to  be  built  and  immediately  commenced  the  plans. 
"  Rapidity  of  erection  and  economy  of  construction  and  operation" 
were  the  instructions  most  constantly  urged,  and  too  often  were  made 
the  limit  to  which  all  arguments  were  brought,  to  the  detriment  of  the 
operation  of  the  filters.  Good  work  was  done  by  them;  better  could 
have  been,  had  this  motto  not  been  brought  forward  so  frequently  and 
had  a  little  more  money  been  expended  in  filling  out  the  plant  and 
making  it  in  strict  accordance  with  the  best  ideas. 

An  old  saw-mill  acquired  by  the  company  when  they  purchased  the 
water  right  was  used  as  a  shed  in  which  to  install  the  beds.     The  old 
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flume  leading  to  town  passed  a  few  feet  to  one  side  of  this,  the  creek 
about  the  same  distance  on  the  other.  The  old  diverting  dam  at  the 
head  of  the  flume  was  430  ft.  distant  from  thef  mill  and  at  such  an 
elevation  that  bv  adding  about  3  ft.  to  its  height  and  excavating  to  the 
mud-sills  of  the  old  mill,  the  flume  could  be  built  to  the  desired  grade, 
with  the  overfalls  as  planned.  All  these  things  combined  to  make  a 
very  economical  construction.  The  cut  to  be  made  for  the  flume  was 
entirely  through  gravel,  Avhich  fui-nished  most  of  that  material  re- 
quired in  the  filter  save  the  smallest  size.  Sand  of  a  suitable  quality 
was  not  to  he  had  at  a  nearer  point  than  a  pit  3  miles  distant,  which 
made  the  price  laid  down  at  the  mill  81.25.  When  this  sand  was 
thoroughly  washed  and  screened  it  made  but  |  cu.  yd. ,  so  that  the 
price  could  really  be  called  §1.80,  inclusive  of  labor  in  washing. 

On  May  17th  plans  were  completed  and  the  bill  of  material  given  to 
a  neighboring  mill  to  be  filled.  The  next  day  men  were  put  on  the 
gi'ound  and  the  actual  work  of  construction  commenced.  The  total 
bill  for  the  tools,  exclusive  of  those  used  by  the  carpenters,  was  about 
8100,  of  which  about  $50  was  credited  to  the  work  upon  completion. 
The  cost  of  different  jiortions  of  the  work  was  segregated  for  use  in 
future  work  of  similar  character.  Laborers  were  paid  82  per  day  and 
carpenters  82.75  to  83.50;  teams  cost  84  where  used  on  the  work, 
though  most  of  the  teaming  was  on  small  contracts. 

The  diverting  dam  required  6  000  ft.,  B.  M.,  of  timber,  worth  872 
in  place,  and  200  cu.  yds.  of  earth  and  gravel  at  20  cents  per  yard;  part 
of  the  face  was  paved  at  a  cost  of  815. 

The  headgate  called  for  500  ft.  of  lumber  worth  815  in  place,  and 
it  cost  810  to  excavate  and  backfill  the  site.  The  screens  cost  85.  The 
flume  cost  40  cents  per  linear  foot  for  lumber  and  erection,  or  8172;  the 
excavation  and  filling  along  the  whole  4.30  ft.  cost  8275.  The  scrap 
iron  weighed  8  500  lbs.  and  cost  865.  The  cost  of  clearing  out  the 
gravel  and  refuse  in  the  old  mill  was  875,  and  the  repairs  and  altera- 
tions 8125.  The  cost  of  lumber  in  jilace  to  construct  the  beds  and 
house  flume  was  8180.  The  gravel  for  the  filters  cost  35  cents  per  cubic 
yard  washed  and  in  place  in  the  beds.  After  45  cu.  yds.  of  sand  had 
been  hauled  from  the  pit  to  the  filters,  a  deposit  was  found  near  the 
headgate.  Although  all  material  taken  from  this  latter  pit  had  to  be 
replaced  by  gravel  from  the  cut,  because  it  was  so  near  the  headgate  and 
the  edge  of  the  pond,  it  cost  less  to  excavate,  screen,  wheel  into  the  head 
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of  flume,  wash  down  to  the  filter  and  put  in  j)lace  than  to  jn-epare  the 
first  lot.  One  reason  for  this  was  that  the  water  in  the  flume  both 
washed  and  transjjorted  it  to  the  house;  two  men  on  this  part  of  the 
work  handled  over  20  cu.  vds.  of  cleaned  sand  a  day  after  some  "  sand 
hustlers "  were  made  for  them.  These  were  simply  boards  with 
handles  nailed  to  them,  so  the  men  could  walk  alongside  the  flume  and 
direct  the  current  of  the  water  as  they  pleased  by  partially  damming 
the  stream  with  the  "hustlers."  The  dirt  and  finest  sand  would  travel 
most  quickly  and  be  wasted  out  into  the  creek  at  a  by -pass  above  the 
house;  then  the  main  part  of  the  sand  would  follow,  flowing  into  the 
house  as  the  water  was  drawn  ofl"  through  the  by -pass  at  the  lower  end 
of  the  house.  In  this  way  thoroughly  washed  sand  was  delivered  to 
such  a  point  that  it  could  be  cast  into  place  at  one  handling. 

Beside  the  ordinary  repairs  and  alterations  it  was  decided  to  make 
a  considerable  part  of  the  sides  of  the  mill  in  the  form  of  a  blind  lattice 
in  order  that  air  might  have  free  access  and  yet  sunlight  and  falling 
leaves  be  excluded  and  danger  from  outside  interference  be  lessened. 
This  cost  §65. 

Repairs  costing  $50,  necessitated  by  the  construction  of  this  filter, 
were  made  to  the  old  flume  and  headgate. 

The  total  cost  of  the  filter  bed  was  as  follows: 

Tools  and  implements 350  00 

Clearing  at  dam 25  00 

Constructing  dam 127  00 

headgate 30  00 

flume 447  00 

Repairs  and  alteration  of  old  mill 200  00 

Carpentry  of  beds  and  house  flume 180  00 

100  cu.  yds.  gravel 35  00 

30  cu.  yds.  sand 54  00 

140  cu.  yds.  sand 140  00 

Latticing  mill  and  old  flame  repairs 115  00 

Total SI  403  00 

This  may  be  safely  taken  as  "  economy  of  construction." 
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The  work  was  completed  on  June  29th,  or  in  37  working  days  from 
the  day  men  w^ere  first  put  on  the  groimd,  which  certainly  filled 
the  requirement  of  "  ra^^idity  of  execution."  The  construction  of 
the  plant  is  shown  in  Figs.  3  and  4.  Water  was  turned  through 
the  beds  at  once  and  allowed  to  run  until  no  sign  of  turbidity  was 
visible.  The  headgate  was  then  closed  while  the  iron  w-as  being 
stacked  in  the  level  sections  of  the  flume  and  the  diagonal  strips  in  the 
slopes.  Before  the  ii'on  was  placed  it  was  washed  and  roasted,  to  re- 
move any  dirt  or  machine  oil  which  the  turnings  and  punchings  had 
retained.  The  stacking  was  in  the  shape  of  windrows  across  the  flume 
every  5  ft.,  leaving  a  space  at  the  head  and  end  of  every  level  section. 
Water  was  then  turned  on,  the  filters  filled  and  blown  off'  once  more 
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and  then  put  into  actual  operation.  This  process  of  cleaning  an  up- 
ward filter  by  blowing  off"  was  very  simple  and  was  done  easily.  The  gate 
at  the  head  of  the  house  flume  was  clased,  that  of  the  by -pass  adjacent 
being  opened  at  the  same  time,  and  the  water  wasted  into  the  creek; 
the  blow-oflf  gates  at  the  side  were  opened  wide,  allowing  the  water  to 
flow  quickly  out  from  beneath  the  sand,  and  that  from  above  to  reverse 
its  direction  of  flow,  and,  pushing  back,  to  wash  the  impurities  from 
the  lower  face  of  the  sand.  The  blow-off  was  then  closed,  the  house 
gate  opened,  the  by-pass  closed,  and  water  once  more  admitted  to  the 
filter.  The  time  required  to  empty  the  filter  was  5  minutes,  so  the 
speed  of  the  descending  current  was  more  than  10  times  its  lasual  up- 
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■nard  flow,  which  should  be  current  sufficient  to  remove  any  particles 
held  against  the  face  of  the  sand.  Water  was  admitted  as  rapidly  as 
the  flume  would  permit  until  the  "tell-tale-"  showed  it  had  risen  to 
the  pea  gravel  beneath  the  sand;  then  it  was  reduced  to  its  normal 
flow,  and  in  40  minutes  after  the  gates  were  opened  the  filter  was  in 
full  operation. 

For  several  weeks  much  of  the  author's  time  was  devoted  to  operat- 
ing these  beds,  and  great  care  was  taken  to  maintain  them  at  their  best. 
While  they  were  being  constructed  causes  had  arisen  to  compel  the 
speed  of  operation  to  be  raised  to  over  700  galls.,  and  times  Avere 
frequent  when  1  000  galls,  were  passed  successfully  without  disturbing 
the  materials  or  destroying  the  integrity  of  the  plant. 

The  first  change  to  be  made  was  in  the  removal  of  the  turnings  of 
steel  from  the  iron,  on  account  of  the  tendency  of  the  rows  to  rust  into 
a  solid  mass  and  so  cause  the  water  to  run  over  the  toj)  instead  of 
passing  through  the  rows.  Next  came  the  removal  of  the  punch- 
ings  from  a  like  cause,  and  finally  all  scraj)  was  thrown  out  and  old 
horse  shoes  substituted  throughout.  These  last  made  the  best  rows, 
were  more  easily  handled  and  more  satisfactory  in  every  way.  The 
matter  of  handling  became  of  some  moment,  as  it  was  necessary  to 
change  the  rows  every  second  or  third  day  after  operations  had  been 
carried  on  for  a  few  weeks.  The  iron  seemed  to  be  a  great  attraction 
to  all  sorts  of  living  creatures  in  the  water,  and  in  two  days  after  being 
placed  in  the  flume  a  shoe  would  be  covered  with  insects  to  such  an 
extent  as  to  imjjair  its  usefulness  seriously.  New  rows  were  then  placed 
beside  the  old  ones,  the  latter  removed  to  a  drying  heap,  where  they 
lay  in  the  open  for  a  day.  and  then  a  big  fire  of  brush  made  about 
them  and  they  were  roasted.  More  than  a  bushel  of  remains  was  gath- 
ered at  the  drying  place  in  one  month.  This  was  one  of  the  unexpected 
features  of  the  work  and  one  the  author  has  never  seen  mentioned  else- 
where. It  was  supposed  when  work  commenced  that  renewal  of  the 
iron  every  month  would  be  sufficient,  in  fact  no  extra  supply  had  been 
prepared  to  replace  the  first  lot,  which  was  an  economy,  as  later  events 
proved;  for  in  all  likelihood,  such  an  extra  quantity  would  have  been 
in  the  shape  of  turnings,  puuchings  ana  scrap,  which  would  have  been 
useless. 

The  next  trouble  came  from  the  screens  at  the  headgate,  which 
were  made  from  such  coiJijer  wire  screen  stuff  as  could  be  purchased 
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in  town.  For  a  little  time  this  did  fairly  well,  but  as  soon  as  the  tem- 
perature of  the  water  in  the  lake  began  to  rise,  the  algse  began  to  grow 
and  float  down  stream,  and  becoming  entangled  in  the  screens,  were 
very  difficult  to  remove;  in  efforts  made  to  remove  them  the  screens 
woiild  become  badly  misshapen  and  require  renewal.  As  the  author 
had  used  perforated  cojjper  and  brass  plates  in  Colorado  imder  similar 
circumstances  he  purchased  some  from  the  Hariington  and  King  Per- 
forating Company  of  Chicago,  at  a  cost  of  8i4,  which  served  the  pur- 
pose perfectly  and  soon  saved  the  seemingly  large  first  cost  in  the  time 
and  labor  formerly  expended  in  cleaning,  beside  all  cost  of  renewal,  as 
these  were  never  worn  out  or  broken.  Probably  nine-tenths  of  the 
time  and  energy  formerly  expended  upon  the  screens  was  saved,  and 
as  they  were  cleaned  five  to  seven  times  a  day  this  meant  considerable 
to  the  man  in  charge. 

In  blowing  off  these  filters,  of  course  most  of  the  water  drops  out 
of  the  sand  and  its  jjlace  is  at  least  partly  occupied  with  aii",  which  is 
drawn  into  the  jjartial  vacuum  in  the  sand  bed.  This  is  the  case  much 
more  than  with  any  downward  filter,  especially  when  this  latter  in 
time  of  cleaning  has  the  water  drawn  down  only  a  little  below  the  sur- 
face of  the  sand,  to  remove  the  top  layer.  When  the  beds  were  re- 
filled a  good  opportunity  was  given  to  watch  the  effect  of  the  entrained 
air;  as  the  water  reached  the  surface  the  greater  part  seemed  to  rise 
with  it;  for  5  minutes  quite  an  ebullition  went  on;  gradually  this 
ceased  until  at  10  minutes  it  had  practically  stopped;  and  at  the 
end  of  30  minutes  no  sign  could  be  found  in  the  beds  of  its  having 
been  present.  This  seemed  to  refute  the  idea  that  entrained  air  was 
of  any  practical  value  in  this  type  of  filter. 

The  iron  acted  rather  slowly  as  a  coagulant,  and  the  water  was  not 
as  thoroughly  aerated  as  was  desirable;  but  the  combination  of  these 
two  was  thorough  if  only  sufficient  time  was  given.  Samples  of  the 
water  taken  as  it  was  discharged  from  the  house  flume  showed  the 
presence  of  the  iron  in  a  faint  milky  tinge;  samples  which  were  well 
shaken  rapidly  increased  in  this,  and  some  bottles  which  have  been 
kept  more  than  two  years  show  the  bottom  third  as  if  filled  with  liquid 
opals,  but  the  water  has  no  smell  or  taste,  nor  has  it  at  any  time  under- 
gone anything  like  fermentation. 

After  running  this  plant  for  some  weeks,  during  all  which  time  it 
was  ojjerated  at  a  higher  speed  than  designed  for,  the  company  decided 
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to  erect  the  second  plant  upon  similar  plans  at  Clover  Creek,  and  a 
care-taker  was  put  in  charge.  So  the  management  fell  into  other  hands 
and  for  some  months  the  author  had  neither  time  nor  opportunity  to 
observe  its  further  workings.  After  that  the  water  and  electric  light 
plants  were  sold  to  the  city ;  and  at  the  same  time  a  farmer  lower  down 
on  the  creek  took  out  an  injunction  to  jjreveut  the  operation  of  blow- 
ing off  the  filters,  as  it  destroyed  the  purity  of  the  stream  where  it 
flowed  over  his  land.  So  the  plant  has  not  been  operated  for  some 
months,  and  there  seems  to  be  no  likelihood  of  its  ever  being  used  again 
to  continue  these  investigations. 

From  what  was  seen  of  the  operation  of  this  plant,  the  author  was 
led  to  believe  that  a  most  successful  plant  could  be  built  by  obser-ving 
the  following  rules,  viz.,  to  have  the  screens  at  the  headgate  so 
arranged  as  to  remove  all  large  matter;  to  thoroughly  aerate  the  water 
before  it  reaches  the  iron  as  well  as  afterwards,  as  in  that  case  the  oxide  is 
more  freely  given  off  by  the  iron  and  absorbed  by  the  water;  to  so  place 
the  iron  that  the  water  is  compelled  to  come  into  thorough  contact  with 
it,  and  that  it  be  agitated  in  the  water,  as  well  as  be  capable  of  ready 
removal  and  replacement;  to  give  sufficient  time  for  the  aii'  and  ii'on  to 
act  upon  the  water  before  subjecting  it  to  filtration;  and  finally,  in 
the  filter  itself,  the  sand  should  be  most  carefully  graded  and  the 
changes  from  pea  gravel  to  the  finest  sand  be  made  carefully  and 
evenly.  Every  detail  of  construction  and  all  materials  should  be 
rigidly  inspected,  and  every  item  should  be  watched  carefully  in 
operation. 

With  these  points  thoroughly  worked  out,  a  filter  operating  at  the 
rate  of  500  galls,  should  be  a  commercial  success  as  well  as  a  mechan- 
ical one.  The  first  cost  of  the  beds  depends  greatly  upon  the  structure 
of  the  house  in  which  they  are  installed ;  for  the  beds  alone  81  50  j^er 
square  foot  should  be  ample;  for  roofing  the  same,  35  to  50  cents  ;  for 
fiume  with  weirs,  iron,  etc.,  $1  per  linear  foot  should  be  estimated;  if 
aeration  by  jet  of  air  be  used  the  cost  of  such  a  plant  must  be  added. 
In  operating,  the  services  of  one  man  on  each  shift  should  be  sufficient 
for  a  5  000  000-gall.  plant,  provided  the  iron  can  be  changed  readily;  for 
such  work  the  man  must  have  some  idea  of  mechanics,  and  would  be 
well  worth  §75  per  mouth.  The  cost  of  raising  the  water,  say  5  ft.,  for 
overfalls,  or  of  running  a  small  air  comjiresser,  would  not  be  more  than 
32  per  day. 
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The  total  cost  of  constructing  a  5  000  000-gall.  plant  would  be  about 
as  follows,  allowing  10^"^  excess  for  cleaning  purposes  : 

Excavating  site,  11000  sq.    ft.,   7  ft.    deep,    about 

3  000  cu.  yds.,  at  20  cents g600  00 

Concrete  floor  of  same,  400  cu.  yds,  concrete  at  $5. .  2  050  00 
Rubble  masonry  walls — 

420  ft.  outside  walls,  at  §10 4  200  00 

560-ft.  division  walls,  at  §8 4  480  00 

Flume  for  intake,  800  lin.  ft.,  at  SI 800  00 

Filter  beds,  11  000  sq.  ft. ,  at  SI  50 16  500  00 

Roofing  for  same,  at  50  cents 5  500  00 

Blow-oflf  gates,  pipes,  etc 2  500  00 

Total S36  630  00 

Add  for  contingencies 3  663  00 

"     "   engineering  and  superintendence 2  500  00 

Total .S42  793  00 

The  cost  of  operation  would  be — 

Two  men,  at  .§75  per  month 150  00 

Cost  of  pumping,  extra  5  ft.  elevation 60  00 

$210  00 


This  makes  the  cost  per  1  000  000  galls.  (150  000  000  galls,  per  month), 
§1.40.  To  this  must  be  added  interest. on  the  investment,  and  a  small 
amount  for  renewals,  everything  being  contemplated  to  be  of  the 
most  durable  character. 


54  DISCUSSION    OX    A    HIGH-SPEED    FILTEK. 


DISCUSSION 


Mr.  Hering.  Ri-DOLPH  Hekpng,  M.  Am.  Soe.  C.  E. — About  six  months  after  tlie 
filter  described  in  the  paper  had  been  put  in  operation,  the  speaker 
make  an  examination  of  it.  The  applied  water  was  objectionable 
mainly  on  account  of  the  very  large  number  of  infusoria  it  contained 
and  not  on  account  of  any  sewage  pollution.  The  wash  water  from 
the  filter,  after  the  current  was  reversed  for  cleaning  the  beds,  con- 
tained myriads  of  various  varieties  of  small  organisms.  No  such  life 
was  detected  in  the  filtered  water.  It  was  j^ractically  all  removed  dur- 
ing the  passage  of  the  water  through  the  fine  sand.  The  filter  acted 
principally  as  a  strainer  to  remove  such  organisms.  Apparently  the 
iron  did  not  have  much  effect  on  the  results,  although  it  produced  a 
little  coagulant.  Owing  to  the  fact  that  no  chemical  or  bacterial 
analyses  had  been  made  to  determine  what  the  filter  actuaDy  accomp- 
lished, the  speaker  considered  it  impossible  to  judge  of  its  value  other 
than  as  a  strainer,  in  which  role  it  was  successful. 

In  the  correspondence  (see  page  59)  on  the  paper,  Mr.  Hill  implied 
that  typhoid  fever  deaths  are  due  wholly  to  water  supplies,  to  which 
statement  the  speaker  took  exception.  At  Atlanta,  Ga.,  to  which  city 
Mr.  Hill  makes  a  direct  reference,  the  speaker  believed  that  the  typhoid 
fever  death  rate  cannot  be  due  wholly,  if  at  all,  to  the  water  supply. 
The  former  supply  was  drawn  from  a  small  area  on  which  there  was  a 
very  small  population,  and  the  entire  territory  was  kejjt  under  very  strict 
sujiervision  by  the  local  board  of  health.  The  new  supply  is  drawn 
from  a  large  stream,  the  Chattahoochie  River.  There  is  a  small  popu- 
lation above  the  point  where  the  water  is  taken.  The  river  water  is  very 
turbid,  containing  much  clayey  matter  in  suspension,  and  it  is  there 
fore  doubtful  if  any  tyijhoid  fever  germs  could  survive  after  the  water 
has  been  treated  by  the  thorough  filtration  process,  which  leaves  it  very 
clear.  It  is  definitely  known  that  typhoid  fever  is  not  only  projjagated 
through  public  water  siiji lilies,  but  also  in  other  ways.  Milk  has  been 
shown  to  si^read  the  disease,  and  there  are  still  other  ways  in  which  it 
is  done;  therefore  the  speaker  did  not  regard  the  specific  arguments 
advanced  by  Mr.  Hill  on  the  typhoid  fever  death  rate  based  only  on 
the  water  sui)i)lies  as  very  sound. 
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CORRESPONDENCE. 


S.  Bext  Eussell,  M.  Am.  Soc.  C.  E. — The  author  states  that  the  Mr.  Russell, 
filter  was  only  some  weeks  in  operation.     Judjiing  from  some  years' 
experience  with  experimental  filters,  the  writer  would  consider  this 
time  of  some  weeks  altogether  too  short  to  show  the  i)ractical  working 
capacity  of  such  a  filter  as  the  one  described. 

On  examining  the  records  of  the  experiments  with  the  St.  Louis 
filter  described  in  the  paper,  it  will  be  found  that  while  the  new  filter 
started  with  a  very  low  head,  after  some  20  reversals  had  been  made,  it 
took  a  foot  of  head  to  start  it  after  cleaning.  Again  the  head  of  start- 
ing after  reversal  increased  steadily,  and  at  the  end  of  from  6  to  12 
months  the  entire  filtering  material  had  to  be  removed.  This  showed 
that  reversals  of  flow  did  not  thoroughly  clean  the  sand.  Had  the 
filter  been  run  at  the  rate  of  500  galls,  per  square  foot  per  day  instead 
of  50  galls.,  it  would  probably  have  been  hopelessly  clogged  inside  of 
a  month.  That  is  to  say  it  would  have  been  past  relief  from  reversal 
of  flow.  Furthermore,  if  the  sand  in  the  Tacoma  filter  were  not 
thoroughly  cleaned  by  reversal,  the  oxide  of  iron  used  as  a  coagulant 
would  have  a  strong  tendency  to  cement  the  sand  together  so  that  it 
could  not  be  used  again,  judging  from  the  way  the  iron  trimmings  and 
punchings  behaved. 

The  development  of  the  American  mechanical  filter  on  the  lines 
that  it  has  followed  indicates  i^retty  plainly  that  filter  sand  cannot  be 
cleaned  properly  by  a  simple  flow  of  water  through  the  interstices. 
The  sand  must  be  disturbed  either  by  a  rake  of  some  kind,  or  by  jets, 
or  by  a  current  strong  enoiigh  to  upheave  and  agitate  the  sand. 

Returning  to  the  coagulant  used,  the  author's  words  would  convey 
some  doubt  as  to  its  success  with  a  high  rate  of  filtration.  In  his 
estimates  he  allows  nothing  for  the  scrap  iron  used.  If  enough  iron 
were  used  to  have  much  effect  on  the  water  the  cost  of  it  would  be  a 
considerable  item,  judging  from  the  projiortion  of  iron  consumed  in 
the  Anderson  process.  Of  course  much  would  depend  upon  the  quality 
of  the  water  when  it  reached  the  filter,  and  there  seems  to  be  nothing 
very  definite  on  that  point  in  the  paper. 

To  sum  up  the  foregoing,  in  the  judgment  of  the  writer,  the  Ta- 
coma filter  would  not  prove  a  success  in  the  jjurification  of  water  con- 
taining miich  solid  matter. 

It  is  apparent  on  reading  the  paper  that  the  author  has  experienced 
some  of  the  difficulties  that  beset  the  path  of  the  engineer  who  invades 
the  labyrinth  of  the  filter  problem.  He  has  displayed  unusual  courage 
in  giving  whatever  data  or  lack  of  data  he  has  obtained  in  his  experi- 
ence.    The  literature  pertaining  to  mechanical  filtration  is  most  meager 
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indeed.  This  is  remarkable  when  the  sums  of  money  now  invested  in 
mechanical  filters  in  the  United  States  are  considered.  Do  the  parties 
now  making  and  using  such  filters  wish  to  suppress  the  truth  or  are 
they  ignorant  of  what  the  filters  really  are  doing?  It  seems  impos- 
sible to  obtain  authoritative  and  reliable  data  as  to  what  a  modern 
filter  will  do.  Perhaps  the  main  difficulty  lies  in  the  fact  that  the 
subject  is  much  too  intricate  for  the  capacity  of  the  ordinary  manu- 
facturer or  water-works  superintendent.  If  this  be  all,  the  large 
manufacturers  should  advance  the  necessary  funds,  and  employ  one 
or  more  engineers-of  standing  to  make  efficient  tests  of  filter  plants 
now  in  operation  and  report  the  same  for  publication. 

In  view  of  the  slighting  treatment  shown  the  mechanical  filter 
by  Mr.  Allen  Hazen  in  his  new  book  on  filtration,  and  in  view  of  some 
recent  reports  by  engineers  favoring  the  European  system,  something 
of  the  sort  oiight  to  be  done.  The  makers  of  filters  should  either 
prove  their  claims  or  cease  to  advance  them.  To  be  of  value  the  tests 
would  have  to  be  made  according  to  scientific  rule,  so  that  the  results 
should  be  at  least  as  definite  as  in  the  case  of  an  engine  or  boiler  trial. 


Fig.  5. 


The  writer  for  the  last  few  years  has  had  charge  of  some  rather 
painstaking  experiments  on  the  purification  of  river  water,  and  has  at 
least  learned  something  about  the  difficulties  in  the  way  of  a  scientific 
study  of  water  filters.  The  primary  factors  in  such  an  investigation 
are  the  water,  the  imijurities  or  solids  to  be  removed,  the  sand,  the  co- 
agulant (if  used),  and  time.  As  each  factor  is  variable,  the  number  of 
possible  combinations  approaches  the  infinite.  No  simple  formula  or 
curve  diagram  can  be  expected  to  represent  the  true  relations  of  the 
factors.  Take  the  case  where  the  impurities,  sand  and  coagulant  are 
constant  in  their  effect  in  a  mechanical  filter  operated  in  the  usual 
way  and  so  as  to  give  the  maximum  flow  of  filtered  water.  The  filter 
must  be  started  slowly  or  the  filtrate  will  not  be  clear.  Gradually  the 
head  and  rate  are  increased  until  the  maximum  allowed  head  is 
reached;  the  maximum  rate  of  filtration  is  also  reached  then.  The 
head  may  now  remain  constant,  while  the  rate  will  gradually  decrease 
as  the  sand  becomes  clogged  until  the  time  for  reversal  comes  around. 
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The  rate  of  filtration  may  now  be  said  to  become  negative,  if  clear  water  Mr.  Russell, 
is  used  for  washing.     When  the  sand  is  clear  another  cycle  is  begun. 

If  a  profile  of  the  rate  of  filtration  as  it  changes  from  hour  to  hour 
is  plotted,  it  will  have  a  form  somewhat  like  Fig.  5.  To  get  the 
capacity  of  the  filter  per  day  the  average  straight  line  must  be  foimd. 
The  form  of  the  diagram  will  change  with  the  depth  and  firmness  of 
the  sand,  with  the  proportion  of  coagulant  used,  with  the  purity  of  the 
water,  and  probably  with  the  temperature  of  the  water. 

To  obtain  comparable  results  some  means  of  recording  the  quality 
of  the  water  and  the  quality  of  the  sand  must  be  adapted,  and  thanks 
to  recent  experiments  this  can  be  done  with  reasonable  success.  It  is 
to  be  hoped  that  future  experimenters  will  make  some  effort  toward 
uniformity  of  methods.  Until  something  better  appears,  all  filter  sand 
should  be  analyzed  by  the  method  described  by  Mr.  Hazen. 

Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. — As  the  thorough  purifica-  Mr.  Weston, 
tion  of  water  at  the  present  time  may  be  considered  a  science  and  in 
order  to  form  an  intelligent  opinion  of  different  methods  of  water  pur- 
ification, it  is  eminently  essential  that  reliable  results  which  have  been 
obtained  by  diff'erent  processes  should  be  given  for  comparison.  It 
would,  in  the  opinion  of  the  writer,  be  a  valuable  addition  to  the  in- 
formation contained  in  the  paper  if  the  author  would  give  the  following 
data:  (1)  The  percentage  of  the  number  of  bacteria  contained  in  the 
applied  water  that  was  removed  by  the  process  he  mentions.  (2)  The 
percentage  of  albuminoid  ammonia  removed.  (3)  The  percentage  of 
ready-formed  ammonia  removed.  (4)  The  percentage  of  color  re- 
moved. (5)  The  jjercentage  of  the  total  amount  of  water  filtered  dur- 
ing a  run  that  it  was  necessary  to  use  in  order  to  wash  the  filtering 
medium.  ((3)  The  pei'centage  of  the  total  amount  of  water  filtered  dur- 
ing a  run  that  it  was  necessary  to  waste,  after  washing  the  filtering- 
medium,  before  the  filtered  water  arrived  at  its  noriual  condition. 

The  following  results,  which  are  germane  to  the  subject,  are  the 
average  results  derived  from  experiments  which  were  conducted  under 
the  special  direction  of  the  writer  in  1893  and  1S94,  at  Providence, 
R.  I.,  with  an  experimental  gravity  mechanical  filter  30  ins.  in  diam- 
eter : 

Water  bacteria  removed 98.6^ 

Applied  Bacillus  jwodigiosus  removed   99.8%" 

Albuminoid  ammonia  removed   70.0%" 

Ready-formed  ammonia  removed 91.  O^" 

Color  removed   72.0% 

Percentage  of  the  total  amount  of  water  filtered  during  a 

run  necessary  to  wash  the  filter  bed .         4.9 

Percentage  of  the  total  amount  of  water  filtered  during  a 

run  necessary  to  waste  after  stai'ting  the  filter.    2.9 

About  nine  months  were  devoted  to  making  the  experiments,  which 
included  the  warmest  and  coldest  seasons  of  the  year. 


•  8  CORRESPOXDEXCE    OX    A    HIGH-SPEED    FIETEH. 

Basic  sulphate  of  alumina  was  added  to  the  applied  water  at  an 
average  rate  of  0.6  grain  per  gallon  of  apjjlied  water.  The  average  rate 
of  filtration  was  128  000  000  galls,  per  acre  per  24  hours,  or  about  2  938 
galls,  per  square  foot  per  24  hours.  The  average  length  of  run  of  the 
experimental  mechanical  filter  was  16.7  hours  for  a  rise  in  height  of 
4  ft.  of  water  after  the  filter  commenced  to  discharge  at  an  average  rate 
of  128  000  000  galls,  per  acre  per  24  hours. 

The  average  results  obtained  from  the  many  runs  of  the  exj)eri- 
mental  filter  covered  a  period  during  each  run  commencing  from  20  to 
30  minutes  after  the  filter  was  started  to  the  end  of  the  run.  The  fil- 
tered water  did  not  reach  its  normal  condition  until  at  the  esim-ation 
of  the  20  to  80  minutes  mentioned,  and  was  therefore  allowed  to  run 
to  Avaste. 

Great  pains  were  taken  in  order  to  ascertain  if  any  of  the  applied 
basic  sulphate  of  alumina  came  through  the  filter  in  the  filtered  water, 
and  the  writer  is  of  the  opinion  that  it  was  satisfactorily  demonstrated 
that  none  passed  through  the  filter  in  its  original  state,  although  a 
minute  quantity  of  finely  suspended  aluminic  hydrate  could  be 
detected  in  the  effluent  water  by  the  application  of  the  logwood  test. 
Mr.  Hill.  John  W.  Hill,  M.  Am.  Soc.  C.  E. — Apart  from  the  statement  that 
the  filter  was  operated  at  rates  of  500  to  1  000  galls,  per  day  per  square 
foot,  no  information  is  given  of  its  efficiency.  The  true  test  of  a  filter, 
in  the  light  of  the  present  knowledge  of  such  matters,  is  the  removal 
of  bacteria,  and  any  filter  which  will  satisfy  this  requirement  will 
probably  satisfy  all  others.  If  any  sanitary  advantages  were  obtained 
from  the  filtration  of  water  by  the  method  described  in  the  i^aper,  it  is 
to  be  regretted  that  these  were  not  recorded  with  the  same  care  as  to 
detail  which  the  author  gives  to  the  items  of  cost. 

Certainly  the  cost  of  construction  when  the  capacity  of  the  filter  is 
considered  was  very  low,  and  the  cost  of  operating  a  jjlant  with  a 
capacity  of  5  000  000  galls,  per  day  is  also  very  low,  but  if  this  cost  is 
attended  only  with  an  incomjjlete  clarification  of  the  water,  and  the 
removal  of  some  of  the  comjjaratively  coarse  algfe,  which  might  be 
done  with  a  much  simpler  apj^aratus,  it  is  doubtful  if  even  this  small 
cost  of  81  40  per  1  000  000  galls,  of  water  treated  is  justified.  The 
writer  has  contended*  that  a  partial  purification  of  water  by  these 
high-speed  and  some  of  the  low-speed  filters  is  more  dangerous  from 
a  sanitary  standpoint  than  no  attempt  at  all  at  ])urification,  because 
the  consumer,  after  the  water  passes  any  filter,  takes  its  wholesomoness 
for  granted,  while  in  many  cases  on  record  no  imj^rovement  at  all  has 
been  made  in  the  potability  of  the  water,  although  all  objectionable 
color  and  odor  may  have  been  eliminated  from  it. 

Gauging  the  efficiency  of  filters  by  the  typhoid  fever  death  rates  of 
the  cities  supplied,  the  most   successfiil  results  have  been  obtained 


•  See  the   Traruacliont  of  the  American   Society  of  Civil  Engineers,  Vol.  XXXII,  p.  130. 


CORRESPOXDEXCE    OX    A    HIGH-SPEED    FILTER. 


59 


from  the  fine  sand  filters  in  Holland,  and  these  are  operated  at  low  Mr.  Hill, 
rates  per  square  foot  of  filter  area.  The  effect  of  careful  filtration  of 
the  Elbe  water  for  Hamburg,  under  the  direction  of  an  expert  like  Dr. 
Dunbar,  is  well  shown  in  a  comparison  of  the  typhoid  fever  death 
rates  of  this  city  for  the  years  1892  and  1894,  during  the  former  of 
which  the  raw  river  water  alone  was  used,  with  a  death  rate  of  3-4  per 
100  000  of  population,  while  during  the  latter  year  filtered  water  alone 
was  used,  with  a  typhoid  death  rate  of  six  per  100  000  population,  or 
the  reduction  of  typhoid  fatalities  was  nearly  82  per  cent. 

From  a  compilation  of  statistics  upon  which  the  writer  is  now  en- 
gaged, some  facts  with  reference  to  the  practical  results  of  mechanical 
filtration  will  be  of  interest  in  this  connection.  Of  three  American 
cities  using  water  from  mechanical  filters,  the  folloA\ang  statistics  are 
given : 

Death  Bate  fbom  Typhoid  Fevee  pee  100  000  of  PopuiiATioN. 


1890. 

1891. 

1      1892. 

1893. 

1894.      i  Average. 

19 
101 
149 

11 
45 
119 

35 
37 

1        87 

17 
67 
66 

26               21.5 

59               62 

Atlanta,  Ga 

43               93 

Now  take  several  c 
of  filtration  per  squan 

ities  abroad  us 
i  foot  of  filter 

ing  fine  sand  filter 
area,  for  the  same 

s,  with  low  rates 
years : 

- 

1890. 

1891, 

1802. 

189  J. 

1894.      1  Average. 

1 

3 
16 

12 
10 
15 

4 

8 

11 

2 

9 

16 

3.4 
4 
15 

5 

Berlin 

8 

15 

Of  all  cities  in  the  United  States  using  mechanical  filters,  from 
which  the  writer  has  been  able  to  obtain  the  vital  statistics,  Daven- 
port, la.,  shows  the  lowest  typhoid  fever  rate,  but  even  this  city  for 
the  past  five  years  has  had  an  average  rate  four  times' that  of  The 
Hague,  two  and  one-half  times  that  of  Berlin,  and  40",;  greater  than 
that  of  densely  populated  London,  where  83%  of  the  water  sui>ply  is 
obtained  fiom  three  streams  which  would  scarcely  attain  the  dignity 
of  rivers  in  this  country.  But  all  the  water  for  London  not  drawn 
from  the  deep  wells  in  the  Kent  chalk  is  carefully  filtered  under 
government  supervision,  and  at  low  rates  per  square  foot  of  filter  area. 
The  Loudon  filters  are  usually  worked  at  rates  of  37  to  40  galls,  per 
square  foot  of  filter  area  per  day,  less  than  one-twelfth  of  the  rate  tor 
which  the  Tacoma  filter  was  planned,  and  one-twenty-fifth  of  the  rate 
at  which  the  paper  states  it  was  occasionally  worked. 

High  speed  in  any  filter  can  be  obtained  by  the  use  of  thin  beds  of 
coarse  sand,  but  high  efficiencv  is  more  to  be  sought  than  high  speed, 
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'  Mr.  Hill,  and,  judging  from  the  present  information  upon  the  subject,  this  is 
to  be  had  only  with  thick  beds  of  fine  sand  operated  under  low 
heads  and  at  low  rates  per  square  foot  of  filter 'area.  A  test  of  a  filter 
should  show  the  changes  effected  in  the  quantity  and  character  of  the 
susjiended  and  dissolved  organic  matter,  and  in  the  bacterial  condition 
of  the  water,  and  especially  the  influence  of  the  filtered  water  on  the 
typhoid  fever  death  rate  of  the  community  supplied. 

While  the  most  satisfactory  showing  in  the  typhoid  fever  rates  has 
been  obtained  from  a  city  dej^ending  upon  filtered  water,  The  Hague, 
still  among  the  principal  cities  of  the  world  showing  the  highest  death 
rates  from  typhoid  fever  are  several  using  only  filtered  water;  Diiblin, 
for  instance,  with  an  average  rate  for  the  past  five  years  of  nearly  60, 
and  Atlanta,  with  an  average  rate  of  93,  per  100  000  of  population. 
As  a  rule,  cities  like  Vienna,  Munich,  New  York,  Boston  and  Newark, 
which  seek  their  water  beyond  the  reach  of  serious  pollution,  show 
much  better  continuous  and  average  rates  of  typhoid  fever  than  the 
cities  which  dej^end  upon  previously  ijolluted  unfiltered  or  filteredwater, 
which  seems  to  indicate  that  safety  in  the  matter  of  public  water  supplies 
is  in  the  direction  of  sources  of  natural  purity,  rather  than  in  attempts 
to  purify  a  polluted  water  by  filtration,  at  least  by  the  high-speed 
filtration  as  described  in  the  paper. 
Mr.  Hazeu.  Allen  Hazex,  Esq. — The  question  of  water  filtration  is  an  import- 
ant one  in  the  United  States  where,  as  a  matter  of  necessity,  many 
cities  take  their  water  suijjjlies  from  rivers  and  lakes  which  are  muddy 
and  which  are  polluted  by  sewage.  Processes  of-filtration  have  been 
developed  in  densely  pojiulated  European  countries  for  purifying  the 
water  from  such  sources,  which  leave  little  to  be  desired  in  the  results 
obtained.  The  cost  of  these  i^rocesses,  however,  appears  to  be  exces- 
sive to  American  communities  which  have  obtained  their  water  without 
other  costs  than  that  of  pumping,  and  do  not,  as  yet,  realize  the  great 
value  of  a  pure  water  supply. 

As  a  result  of  this  condition,  there  are  numerous  and  determined 
eflforts  to  devise  and  secure  the  adoption  of  other  and  more  rapid  pro- 
cesses of  tiltx-ation  by  which  water  can  be  treated  at  less  expense  than 
by  the  comparatively  slow  and  thorough  processes  commonly  employed 
in  Europe.  The  one  all-important  question  to  be  raised  in  regard  to 
all  jjrocesses  of  this  nature  is  whether  or  not  they  are  capable  of  piiri- 
fying  the  water  in  such  a  way  as  to  make  it  suitable  for  the  piirposes 
for  wliich  it  is  intended. 

Tlie  pajK'r  describes  a  filter  which  was  constructed  at  a  very  small 
expense  and  which  allowed  a  considerable  quantity  of  water  to  pass 
through  it.  The  author  has  unfortunately  neglected  to  state  what  de- 
gree of  jjurification  was  obtained,  whether  or  not  the  water  was  rend- 
ered suitable  for  city  supply,  and  whether  or  not  the  filter  could  V)e 
dei)ended  upon  to  remove  the  alga-  or  the  bacteria  and  other  organisms 
which  were  or  might  have  been  present  in  the  unfiltered  Avater.     The 
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paper  thus  has  only  a  suggestive  value,  and  while  ideas  may  be  ob-  Mr.  Hazen. 
tained  from  it  which  will  be  useful  in  designing  other  filters,  it  will 
not  be  safe  in  other  cases  to  follow  the  construction  described  without 
investigating  the  results  obtained  by  this  apparatus,  which  are  not 
given  in  the  paper. 

In  regard  to  the  details  of  the  paper,  the  rate  of  filtration  is  given 
in  the  somewhat  unusual  unit  of  gallons  per  square  foot  daily.  It  is 
greatly  to  be  desired  that  some  tmit  for  rate  of  filtration  should  be 
adopted  which  is  applicable  to  all  the  rates  ranging  from  quantities 
used  in  sewage  treatment  by  irrigation  to  the  much  higher  quantities 
used  in  water  filtration  by  European  methods,  and  to  the  still  very 
much  higher  rates  employed  in  mechanical  filters  for  treating  water. 
At  the  present  time  the  quantities  are  expressed,  according  to  circum- 
stances, in  English  or  American  gallons  per  square  foot,  per  square 
yard  or  i^er  acre,  or  in  vertical  inches  or  feet,  and  for  time,  iiitervals  of 
minutes,  hours  or  days,  making  a  total  of  24  j^ossible  combinations, 
the  greater  part  of  which  have  been  used  in  some  way  or  other  in  con- 
nection with  filtration.  Thei'e  is  jarobably  no  other  unit  so  convenient 
as  the  metric  one  of  a  vertical  column  of  water  equivalent  to  1  m.  daily 
on  the  effective  filter  surface.  But  as  it  is  impracticable  for  various 
reasons  to  use  this  unit  in  the  United  States  at  the  present  time,  the 
unit  of  1  000  000  galls,  per  acre  daily,  which  is  very  nearly  equal  to  the 
above-mentioned  metric  unit,  has  many  advantages,  notwithstanding 
the  objection  that  may  be  raised  to  a  unit  of  area  as  large  as  an  acre 
for  areas  as  small  or  smaller  than  that  of  the  filter  described  in  this 
article. 

In  regard  to  covering  the  filter  which  is  spoken  of  as  "an  absolute 
necessity  in  this  climate,"  that  is,  at  Tacoma,  the  writer's  information 
is,  perhaps,  less  complete  than  could  be  desii-ed  on  that  climate,  but 
from  statistics  at  his  disposal  the  winter  temperatures  of  the  Pacific 
coast  are  very  mtich  higher  than  those  of  the  Atlantic  coast  points  and 
correspond  more  nearly  with  those  of  western  Europe.  There  open 
filters  are  successfully  used  in  much  higher  latitudes  than  that  of  Ta- 
coma, and  it  may  be  a  question  whether  covering  would  be  necessary 
or  desirable  in  that  place. 

The  sand  used  seems  to  have  been  rather  coarse;  it  is  stated  that  in 
order  to  allow  the  high  velocity,  500  galls,  per  square  foot  per  day  or 
21  780  000  galls,  per  acre  daily,  it  was  necessary  to  use  "a  sand  of 
large  grain,  tree  from  all  finer  matter,  and  there  was  the  danger  that 
the  chief  usefulness  of  a  filter,  viz. .  its  ability  to  thoroughly  strain  out 
all  impurities,  might  be  lost."  Tliis  is,  indeed,  a  serious  danger,  for 
the  etticiency  of  filters  decreases  rapidly  with  the  size  of  the  sand 
grains  employed.  To  avoid  this  it  is  stated  that  a  coagulant  was  used. 
The  coagulant  selected  was  metallic  iron,  over  and  through  which  the 
water  was  taken,  but  it  is  very  doubtful  whether  the  term  coagulant 
should  be  extended  to  cover  metallic  iron  used  in  this  way.     A  coagu- 


62  CORRESPOXDEXCE    OX   A    HIGH-SPEED    FILTER. 

Mr.  Ilazeu.  laut  in  filtration  is  strictly  a  substance  added  to  a  water  or  liquid  in 
solution,  which,  by  chemical  or  other  changes,  becomes  precipitated  in 
the  liquid  and  forms  an  insoluble  substance  which  surrounds  and  com- 
bines with  susj^ended  or  dissolved  matters  in  solution,  and  allows  the 
whole  mass  to  be  more  readily  removed  than  the  matters  could  be  re- 
moved by  themselves.  If  water  is  agitated  in  contact  with  metallic 
iron,  it  will  sometimes  (depending  upon  the  composition  of  the  water 
and  other  circumstances)  take  a  portion  of  the  iron  into  solution  as 
ferrous  carbonate,  and  this  may  subsequently  become  oxidized  and 
precipitated  as  ferric  hydrate.  In  case  enough  iron  is  dissolved  to 
form  a  substantial  preciiiitate,  and  other  conditions  are  present  to 
make  it  do  so,  the  iron  may  be  regarded  as  a  coagulant,  but  in  the 
present  instance  there  is  no  reason  to  think  that  any  such  quantity  of 
iron  went  into  solution  or  was  precipitated;  in  fact,  the  faint  milky 
tinge  meiitioued  shows  that  this  was  not  the  case,  and  the  iron  em- 
l^loyed  was  only  useful  in  so  far  as  it  acted  as  a  screen  to  remove  in- 
sects and  other  floating  matter  in  the  water,  as  mentioned  by  the  author, 
and  as  these  would  have  been  removed  in  any  case  by  the  sand,  it  is 
not  apparent  that  the  iron  aided  the  process  in  any  way. 
Mr.CummiDgs.  RoBEKT  A.  CrMMLSGS,  Assoc.  M.  Am.  Soc.  C.  E. — Criticism  of  this 
paper  is  practically  disarmed  through  the  author's  admission  that  it 
is  not  in  strict  accordance  with  the  best  ideas.  Since  he  does  not  give 
the  results  of  filtration  by  his  new  form  of  filter,  it  may  be  of  doubt- 
ful eflSciency.  Indeed,  it  is  not  clear  how  such  a  filter  bed  can  be 
efficient. 

The  author  ajspears  to  have  concluded  that  the  action  of  sand 
filtration  is  purely  mechanical.  The  successful  filtration  of  water 
depends  on  the  sound  appreciation  of  this  action.  It  is  generally 
understood  that  there  are  two  distinct  actions  in  sand  filtration,  viz., 
the  straining  and  the  adhesive  actions.  On  the  one  hand,  water 
holding  matter  in  suspension  is  strained  as  through  a  sieve;  and,  on 
the  other  hand,  water  is  filtered  through  a  sand  filter  as  in  passing 
through  a  settling  basin.  The  action  in  the  former  case  may  be  con- 
sidered as  a  i-etaining  one,  and  admits  of  a  high  velocity;  and  in  the 
latter  as  an  adhesive  one,  requiring  a  low  velocity  for  the  settlement 
of  suspended  matter.  The  attraction  by  and  to  the  sand  grains  of 
particles  so  much  smaller  than  the  interstitial  spaces  substantiates 
the  correctness  of  this  last  view.  It  is  now  well  known  that  when  the 
usual  limit  of  rate  of  flow  is  exceeded,  the  efficiency  of  filtration  is 
depreciated.  All  methods  of  simple  sand  filtration  at  extraordinary 
velocities  of  flow  cannot  be  relied  ujion  uutil  it  has  been  clearly  shown 
that  they  are  efficient.  For  the  removal  of  bacteria,  sand  filtration  un- 
doubtedly depends  upon  the  delicate  deposit  of  organized  matter 
which  forms  on  the  top  of  the  sand.  The  efficiency  will  depend  upon 
the  (luality  of  the  water,  the  temiierature,  the  ripeness  of  the  sand,  etc. 
The  advantage  claimed  for  upward  flow  filtration  is  the  high  velocity 
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obtainable.     This  can  be  secured  only  at  the  expense  of  efficiency  of  Mr.CummingB. 

filtration.     It  has  been   j^ointed  out   that   with   a   high   velocity  the 

action  is  that  of  a  mechanical  strainer,  which  retains  only  the  coarser 

jjarticles,  and  has  a  very  small  bacterial  efficiency.     Does  the  film  so 

necessary  in  sand  filtration  form  at  all  in  the  upward  flow  filters?     The 

writer  thinks  not.     If  it  does,  at  what  point?     Suppose  it  forms  in  the 

sand  at  the  top  of  the  filter,  for  it  will  not  form  in  the  gravel ;  the 

whole  filter  bed  becomes  impregnated  with  organic  matter  and  requires 

renewal  at  each  clogging  of  the  beds.     The  simple  reversal  of  flow  of 

filtered  water  will  not  cleanse  the  bed.     The  whole  mass  of  sand  must 

be  cleaned  and  exposed  to  light  and  air.     The  waste  of  filtered  water 

for  this  purpose  is  a  serious  objection,  and  the  pollution  of  the  streams 

below  is  not  permissible. 

The  writer  was  recently  consulted  with  regard  to  much  trouble 
with  the  upward  flow  filters  at  Wayne,  Pa.,  which  were  found  wash- 
ing the  sand,  or  rather  agitating  the  sand,  as  noted  by  the  author. 
The  filters  had  a  bed  composed  of  crushed  slag,  gravel  and  sand.  They 
are  not  in  use  now. 

It  has  been  found  at  the  Berlin  Water- Works  that  open  filter- 
beds  are  more  efficient  than  covered  ones,  and  the  late  Mr.  Gill,  chief 
engineer,  has  stated  that  the  choking  of  the  pores  of  the  filter  and  the 
growth  of  algse  at  the  surface  of  the  sand  are  most  valuable  aids  to 
the  micro-biological  improvement  of  the  water. 

It  is  agreeable  to  note  that  the  result  of  the  author's  experience 
with  iron  as  a  purifier  should  be  in  accordance  with  results  found  else- 
where. It  may  be  noticed,  however,  that  Mr.  William  Anderson  used 
spongy  iron  at  the  Antwerp  Water- Works  several  years  ago,  and  it  jiuri- 
fied  the  water  satisfactorily,  although  the  spongy  iron  soon  became 
choked.  After  many  exj^eriments  the  latter  was  replaced  by  the  agi- 
tation of  metallic  iron  with  the  water,  and  by  sand  filter.beds. 

The  apparatus  for  the  Anderson  i^rocess  may  be  briefly  described 
as  consisting  of  a  revolving  purifier,  a  small  engine  for  revolving 
the  purifier  and  a  tank  fitted  with  a  line  screen  for  separating  coarse 
particles.  The  revolving  purifier  is  a  wrought-iron  cylinder  sujjported 
longitudinally  on  hollow  trunnions  fitted  with  stuffing-boxes  through 
which  the  inlet  and  outlet  pipes  pass.  The  inside  of  the  cylinder  has 
curved  ledges  suitably  arranged  for  scooping  up  the  iron  and  shower- 
ing it  down  through  the  water.  Experience  shows  that  the  iron  has 
very  little  tendency  to  move  along  the  cylinder  with  the  curi-ent;  how- 
ever, means  ai-e  i^rovided  to  check  it.  The  screen  is  to  intercejit  algfe 
and  other  large  impurities,  that  may  be  in  the  water  before  it  reaches 
the  i)urifier,  from  the  sand  filter  beds.  The  growth  of  algJE  never  takes 
place  after  the  water  has  been  purified. 

The  following  explanation  of  the  action  that  takes  i)lace  with  the 
agitation  of  metallic  iron  in  water  containing  organic  matter  is  given 
by  Dr.  E.  Divers: 
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Mr.Cuinmings.  "Water  containing  carbonic  acid  dissolves  iron  in  the  form  of  car- 
bonate, at  the  same  time  liberating  hydrogen  when  no  deoxidizable 
matters  are  present.  One  effect,  well  known,  of  depriving  water  of 
its  dissolved  carbonic  acid,  is  to  precipitate  any  calcium,  magnesium 
and  iron  carbonates  which  the  carbonic  acid  may  have  been  keeping 
in  solution.  In  this  way  spongy  iron  will  become  coated  over  and 
cemented  together  into  a  hard  mass  by  some  calcareous  waters.  What 
iron  carbonate  is  not  thus  precipitated  becomes  afterwards  changed 
by  atmospheric  oxygen  into  ferric  hydroxide  and  deposited  as  a  rusty 
sediment.  Oxygen,  nitrite,  nitrate  and  no  doubt  some  other  of  the 
oxygenous  matters  in  solution  in  the  water  are  consumed,  partly  by 
contact  with  the  metallic  iron  in  presence  of  the  carbonic  acid  and 
partly  afterwards  by  the  iron  dissolved  as  carbonate. 

"it  is  not  easy  to  admit  that  the  action  of  iron  upon  water  holding 
carbonic  acid  in  it  can  be  eflective  in  destroying  or  precipitating  dis- 
solved albuminoid  matters  from  the  water.  Eather  must  it  be  con- 
sidered that  the  purification  of  water  from  matters  indefinitely  classed 
as  albuminoids  consists  in  the  removal  of  organisms  living  in  the 
water.  The  activity  of  iron  in  depriving  water  of  bacteria  is  just 
what  might  be  expected,  since  a  microbe  in  water  holding  carbonic 
acid  gets  into  a  field  of  powerful  chemical  action  when  it  comes  in 
contact  with  bright  iron  and  will  naturally  be  paralyzed,  if  not  killed 
outright.  Further,  water,  freed  as  it  is  by  iron  of  both  carbonic  acid 
and  oxygen,  must  be  ill-fitted  for  bacterial  life,  while  the  dissolved 
ferrous  carbonate  will,  even  in  the  minute  quantity  of  it  present,  be  a 
jDOwerfully  poisonous  agent,  like  all  such  reducing  or  deoxidizing 
agents. 

"In  accordance  with  this  account  of  the  jirobable  mode  of  action 
of  the  iron  in  killing  and  removing  bacteria  is  the  fact  that  it  is  only 
quickly  after  contact  of  the  water  with  the  iron  that  bacteria  are  so 
strikingly  diminished  in  number,  for  towards  the  de-aerated  water  the 
iron  becomes  i)assive  as  glass,  and  new  generations  of  l)acteria  may 
knock  up  against  it  with  impunity,  if  otherwise  able  to  live  in  the 
water." 

Having  considered  the  juodus  operandi  of  the  Anderson  process,  it 
will  be  readily  appreciated  that  the  author's  method  of  using  old  horse 
shoes,  etc.,  added  little  or  no  value  toward  purifying  the  water. 
\  Dr.    E.   Frankland  has  recently  stated  that  a  filter   ought   to  be 

cleaned  as  seldom  as  possible,  owing  to  its  inefficiency  for  some  time 
after  cleaning,  and  he  recommends  an  increase  of  storage  capacity, 
which  would  give  the  sand  filter  less  work  to  do  ;  but  this  would  only 
lengthen  the  time  for  the  ripening  of  the  sand.  In  the  Anderson  pro- 
cess an  inorganic  film  of  ferric  oxide  is  deposited  on  the  surface  of  the 
sand  from  the  time  the  filter  is  started  to  work,  which  apjjears  to 
obviate  this  difficulty.  The  conversion  of  the  jjrotosalt  of  iron  formed 
in  the  water  during  its  passage  through  the  revolving  purifiers  into 
insoluV)le  ferric  oxide  results  in  a  coagulated  precipitate,  in  wliich  bac- 
teria are  entangled  and  imprisoned,  the  coarse-grained  deposit  thus 
formed  Ijeiug  readily  arrested  at  the  surface  of  the  sand,  into  which  it 
does  not  penetrate.  About  four  hours  is  given  for  the  formation  of 
the  film. 

From   the  analysis  by  Dr.  Van  Ermengen  of  a  series  of   samples 
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taken  hourly  from  a  sand  filter  outlet  at  the  Antwerp  Water- Works,  Mr.Ciimminge. 
on  Sejitember  9th,  1893,  the  folowing  results  are  given : 

Number  of  Number  of 

Hours  after                                         microbes  Hours  after  microbes 

startiug                                            per  cubic  starting  per  cubic 

filter.                                             centimeter  filter.  centimeter. 

4 30       j       11 30 

5 30  12 20 

6 27  1.5  50 

7 320*     i       18 52 

8 25       I       24  25 

9 30  30 25 

10 39  i 

In  the  repoi-t  of  Dr.  Henry  Leffman  and  Dr.  William  Beam  on  the 
results  of  a  six-month  trial  at  the  Belmont  Water-Works,  Philadelphia, 
the  above  results  are  fully  confirmed.     Their  report  reads: 

"They  show  that  it  acts  to  remove  suspended  matter  of  every 
character,  and  to  diminish  ammonium  comjiounds,  dissolved  organic 
matter,  whether  nitrogenous  or  not,  nitrites  or  nitrates.  The  reduc- 
tion in  the  number  of  microbes  is  esi^ecially  to  be  noted,  not  only  so 
far  as  the  actual  figiires  are  concerned,  but  in  view  of  the  fact  that 
there  is  now  no  doubt  that  the  dangerous  efi'ects  of  water  are  due  to 
these  agents." 

In  the  annual  report  of  Dr.  P.  Miquel,  published  in  the  Annuaire 
de  r  Observaloire  de.  Montsnuris  for  1894,  he  states  that  the  average  of  22 
samjiles  shows  that  the  number  of  bacteria  in  the  original  water  was 
reduced  99.57%'  after  purification  and  filtration,  five  showing  a  per- 
centage of  improvement  of  99.9  per  cent.  The  average  number  of 
bacteria  in  the  oiiginal  Seine  water  during  the  period  of  the  test  was 
396  000,  and  the  average  sjjeed  of  filtration  was  75  galls,  per  square 
foot  per  24  hours. 

A  striking  example  of  the  difference  in  the  efficiency  of  a  sand  filter 
in  the  chemical  improvement  of  a  river  water  when  used  with  and 
without  the  Anderson  process  is  furnished  by  the  analyses  by  Dr.  H. 
Swete.  In  a  paper  read  before  the  Sanitary  Congress  at  Portsmouth, 
England,  September,  1892,  he  states : 

"I  have  divided  these  analyses  into  thi-ee  stages:  First. — The 
period  before  the  purifiers  were  set  to  work.  Second. — The  intermit- 
tent period,  during  which  period  the  continual  structural  alterations 
were  being  made  to  the  filters,  causing  disturlmnce  to  the  sand,  and 
the  crust  formed  on  the  surface  of  the  filters.  Third. — The  third 
lieriod,  when  the  works  were  completed  and  a  fair  average  result  of 
what  the  system  will  effect  could  be  estimated.  These  i)eriods  show 
the  following  percentage  improvements  in  three  important  points:" 

*  Probably  due  to  an  accident  to  the  sample. 
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Mr.Cummings. 
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Pekcesttage  of  ImPRO'S'EMENT. 


Dates. 


Oxygen  to  oxidize 


First  period  . . 
Second  period 
Third  period 
Biver  in  flood 


It  is  now  generally  admitted  that  ordinary  sand  filters  require  the 
greatest  care  to  avoid  sudden  variations  in  the  rate  of  filtration,  which 
destroy  their  delicate  film.  The  ferric  oxide  film  is  not  nearly  so  deli- 
cate, and  allows  greater  variations  in  the  rate  of  filtration  ;  hence  a 
greater  speed  of  filtration  can  be  obtained  with  as  satisfactory  results 
as  from  the  larger  area  required  for  ordinary  sand  filters. 

In  the  sjjring  of  1892,  experiments  were  made  at  Hampton,  near 
London,  to  determine  whether  the  life  of  a  sand  filter,  when  used  in 
conjunction  with  a  revolving  purifier,  would  be  lengthened  or  short- 
ened by  the  addition  to  the  water  of  the  iron  oxide.  Two  small  sand 
filters,  each  having  an  area  of  36  sq.  ft.  of  sand  surface,  were  constructed 
side  by  side,  the  one  receiving  Thames  water  dii'ect  from  the  river,  and 
the  other  the  same  water  passed  through  a  purifier  delivering  at  the  rate 
of  500  galls,  per  minute.  Owing  to  the  shallowness  of  the  filter  tanks 
it  was  only  possible  to  maintain  a  depth  of  1  ft.  6  ins.  over  the  sand  in 
the  filters,  a  circumstance  unfavorable  to  the  Anderson  process  as  the 
time  for  aeration  and  coagulation  of  the  iron  oxide  was  reduced  to  less 
than  half  the  normal  period  allowed. 

The  results  of  the  trials  showed,  however,  that  the  filter  receiving 
the  water  purified  by  iron  delivered  from  25  to  50^^  more  in  the  same 
number  of  hours  than  the  filter  working  under  ordinary  conditions, 
the  greatest  difiference  in  favor  of  the  purified  water  being  when  the 
river  water  was  most  turbid. 

The  writer  is  informed  that  the  Compagnie  Generate  des  Eaux  and 
the  Comijagnie  des  Eaux  de  la  Banlieue,  supplying  water  to  Paris,  have 
recently  installed  large  plants  for  the  purification  of  the  Seine  water 
by  the  Anderson  process. 

In  a  paper  on  the  "Revolving  Purifier  Process,"  read  by  Mr.  William 
Anderson,  at  the  meeting  of  the  British  Association  at  Cardifl",  in  1891, 
the  author  states  : 

"With  regard  to  the  working  expenses,  accurate  figures  can  be  given 
of  the  cost  of  the  process  during  the  year  1889,  at  the  Dordrecht  Water- 
Works.  The  purifier  at  these  works  has  a  li-in.  pipe  and  can  purify 
1  250  (XM)  galls,  daily;  it  is  automatic,  V)eing  driven  by  a  small  water 
motor  worked  by  the  water  which  passes  through  the  cylinder,  a  very 
economical  arrangement. 

"The  figures  for  the  year  1889,  are  as  follows  : 
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Iron  consumed  per  1  000  000  galls,  treated   .  .  13  i  lbs.    Mr.CommiDgs. 

Speed  of  filtration  per  square  foot  per  24  hours  100  galls. 

Total  quantity  of  water  treated  during  year.  . .  194  000  000      " 
Total  cost  for  the  year,    including  iron  filter 

cleaning,  maintenance  and  repairs $267.50 

Average  cost  per  1  000  000  galls,  purified    ...  1.37 

"The  iron  used  is  in  the  form  of  puuchings,  I  in.  to  f  in.  diameter, 
costing  §11  50  i^er  ton." 

More  recent  figures  from  the  small  plant  at  Boulogne-sur-Seine  give 
an  average  cost  of  0.0016  franc  per  cubic  meter,  or  about  7  cent  per 
1  000  galls.  (81.43  per  1  000  000  galls,  for  a  small  plant  of  1 100  000  galls, 
per  day). 

A.  McL.  Hawks,  Jun.  Am.  Soc.  C.  E. — It  must  be  borne  in  mind  Mr.  Hawks, 
that  the  plant  desci'ibed  in  the  paper  was  constructed  in  great  haste 
and  for  a  very  small  sum  to  remove  some  specific  causes  of  comi:)laint 
from  the  water  then  being  supplied  to  the  city  of  Tacoma.  The  work 
could  not  be  delayed  long  enough  to  send  samj^les  of  the  water  to  a 
biologist  and  carry  on  correspondence  sufficient  to  determine  the 
exact  causes  and  best  means  of  obtaining  entire  relief  from  all  sorts  of 
impurities.  It  was  a-case  which  demanded  immediate  action.  That 
no  analyses  could  be  given  is  a  matter  of  regret  to  the  author  ;  samples 
for  this  purpose  were  taken  and  were  furnished  to  the  company,  but 
no  results  were  ever  given,  if  analyses  were  made.  The  actual  result 
of  the  operation  of  this  plant  was  the  removal  of  the  causes  so  that  no 
further  complaints  were  made. 

Moreover,  the  work  was  commercially  successful,  which  is  the  final 
test  of  all  engineering  work,  for  though  engineers  may  plan  ever  so 
skilfully  and  scientifically,  if  they  do  not  gain  the  approval  of  the 
ordinary  business  man  their  work  is  of  little  account.  The  plan  of 
the  Tacoma  filters  was  laid  before  the  Water  Commissioners  of  the 
city  of  Wilmington,  Del.,  who  were  then  considering  filtration  of  the 
water  supplied  to  that  city.  Two  of  the  members  made  a  trip  to 
Tacoma  for  the  purpose  of  investigating  tnis  plant,  and  spent  several 
days  on  their  mission.  They  visited  the  filters  with  the  author,  and 
had  them  blown  off  and  refilled  and  blown  off  a  second  time.  Even 
though  the  beds  had  been  indifterently  cared  for  during  nearly  five 
months  after  the  author  had  turned  them  over  to  the  operating  de- 
partment, the  visitors  were  highly  pleased  with  the  working  of  the  plant. 
They  afterwards  visited  the  officers  of  the  water  company  and  made 
private  inquiries  for  the  purpose  of  determining  the  improvement  in 
the  character  of  the  water  after  the  filters  were  put  in  service.  So 
well  were  the  commissioners  satisfied  with  the  result  of  all  their  in- 
quiries, that  they  returned  to  Wilmington  and  authorized  the  con- 
struction of  a  large  plant  for  their  city,  introducing  all  the  essential 
features  of  the  author's  plant  and  the  additions  which  had  been  advo- 
cated by  him  but  elided  in  the  effort  for  greater  economy  of  con- 
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Mr.  Hawks,  struct  ion  and  operation.  The  Wilmington  plant  has  been  constructed 
about  two  years,  and  should  be  able  to  furnish  many  items  of  interest 
and  give  the  very  data  which  are  missing  from  the  paper.  It  was 
hoped  that  such  items  and  data  would  be  drawn  out  in  discussion. 

No  one  in  these  days  thinks  "the  action  of  sand  filtration  is  purely 
mechanical."  It  is  distinctly  stated  that  the  delicate  deposit  men- 
tioned by  Mr.  Cummings  was  formed  at  the  bottom  of  the  sand  layer 
in  the  glass-sided  upward  filter  at  St.  Louis. 

The  samples  of  water  taken  from  the  blow-off  of  the  Tacoma  plaut 
when  the  filters  were  reversed  showed  a  large  amount  of  filth  was  being 
removed  from  the  water  and  carried  entirely  without  the  beds;  if  a 
small  amount  was  caught  and  held  by  the  gravel,  it  woiild  only  serve 
to  form  the  film  upon  the  surface  of  the  sand  so  necessary  for  the  best 
results.  So  long  as  the  sand  is  not  permitted  to  boil,  so  long  as  it  is 
perfectly  quiescent,  this  film  does  not  penetrate  the  surface  any  ap- 
preciable distance.  The  amount  of  filtered  water  wasted  in  reversal 
is  0.5%"  of  the  filter's  daily  capacity.  Air  is  thoroughly  drawn  into 
the  beds  by  the  suction  of  the  water  subsiding  at  the  time  of  reversal. 
There  can  be  no  reason  for  letting  light  and  air  in. upon  the  top  of  these 
filters;  the  water  standing  there  has  already  been  purified.  It  would 
be  like  purifying  water  in  an  ordinary  filter,  and  then  exposing  the 
clear- water  basin  to  fresh  contamination. 

The  iron  filings,  turnings,  punchings,  etc.,  began  to  clog  within 
three  days  after  they  were  placed  in  the  flupie  ;  the  smaller  particles 
adhered  to  the  larger  ones  in  the  first  week,  and  in  two  weeks  there 
were  large  coherent  masses  of  rusted  iron  in  the  flume.  Is  it  not  pos- 
sible that  what  has  hitherto  been  unexplained,  viz.,  the  myriads  of 
minute  insects  collected  on  the  iron  in  the  flume  may  be  due  to  some 
such  action  as  that  described  by  Dr.  E.  Divers  in  the  correspondence 
by  Mr.  Cummings  ?  While  they  were  in  the  water  ho  movement  coiild 
he  seen,  but  after  they  had  been  exposed  to  the  air  for  a  few  minutes, 
say  from  five  to  ten,  they  would  begin  to  move,  and,  as  the  water  evapo- 
rated, would  become  very  lively.  Why  is  "  bright  iron"  specified?  If 
the  iron  was  removed  and  subjected  to  fire  frequently  enough  to  permit 
it  to  give  off  the  protosalt  when  again  immersed,  is  not  that  sufficient  ? 

It  is  said  with  regard  to  the  Dordrecht  Water- Works  :  "  The 
purifier  *  *  *  can  purify  1  250  000  galls,  daily,"  while  a  little 
farther  on  it  is  stated  with  regard  to  the  operations  during  1889  : 
"  Total  quantity  of  water  treated  during  the  year,  194  000  000  galls." 
This  may  mean  either  that  the  purifier  ran  half  the  time  or  that  it  ran 
at  half  the  "  s))eed  of  filtration  i)er  .square  foot  per  24  hours,  100  galls." 
If  the  sum  of  .515.00,  the  cost  of  the  iron  for  194  000  000  galls.,  be  de- 
ducted from  ^2G7.50,  the  total  cost  for  the  year,  it  loaves  $252.44  for 
filter  cleaning,  maintenance  and  repairs.  As  the  ajiparatus  is  said  to 
operate  automatically,  no  ])art  of  this  sum  can  be  for  oi)eration. 
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The  filter  was  run  by  the  author  but  a  few  weeks.  It  was  oi^erated  Mr.  Hawks, 
some  months  after  that  by  the  company,  but  without  any  records 
being  kept.  It  is  true  the  St.  Louis  upward  filter  clogged  steadily, 
though  reversed  frequently,  and  needed  greater  starting  head  after 
each  reversal ;  but  this  filter  only  permitted  the  water  to  be  drawn  off 
comparatively  slowly.  Once,  through  accident,  it  was  very  suddenly 
emptied,  with  the  result  that  it  did  not  require  any  greatly  increased 
head  to  start  it  again. 

The  coagulant  in  the  Tacoma  plant  did  not  have  the  effect  of  bind- 
ing the  grains  of  sand  together.  For  the  purpose  of  determining  that 
fact,  and  also  as  to  the  penetration  of  foul  matter  into  the  bed  as  well 
as  could  be  detected  by  the  eye  (the  greater  part  of  the  filth  had  a 
distinctly  visible  light  brown  color),  a  small  pit  was  dug  in  the  middle 
of  one  of  the  compartments  after  the  i:)lant  had  been  running  about  a 
month.  The  sand  was  perfectly  free  from  any  such  binding,  and  ap- 
peared to  be  perfectly  clean  to  the  surface  of  the  gravel  beneath.  It 
was  intended  to  keep  an  account  of  the  iron  consumed,  but  the  time 
during  which  records  were  kept  was  not  sufficiently  long  to  show  any 
ajipreciable  loss  upon  so  great  an  amount  as  8  500  lbs.  At  the  rate 
given  for  the  Anderson  process  in  the  Dordrecht  works,  the  loss  for  a 
month  in  this  plant  would  not  have  been  10  per  cent.  It  was  intended 
to  weigh  the  iron  every  three  months  to  determine  the  loss,  but  this 
was  never  done. 

The  author  agrees  with  Mr.  Hazen  that  some  unit  for  rate  of  filti'a- 
tion  should  be  adoj^ted  ;  but  why  not  that  of  gallons  jjer  square  foot  ? 
It  is  much  easier  to  use  than  millions  per  acre,  and  that  it  is  not 
iinusual  is  shown  by  three  of  the  discussers  of  the  paper  adopting  that 
unit, and  one  using  it  in  connection  with  the  1  000  000  galls,  per  acre  unit. 
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WITH  DISCUSSION. 


The  experience  gained  in  overcoming  even  small  difficulties  and  the 
deductions  drawn  from  successful  undertakings,  even  though  in  them- 
selves of  minor  importance,  may  be  of  service  to  other  engineers; 
hence  these  notes. 

In  the  spring  of  1893  the  author  began  the  construction  of  a  pipe 
line,  reservoirs,  etc.,  for  the  opening  and  development  of  a  placer 
mine  on  the  summit  of  the  Coast  Kange  in  southern  California.  The 
property,  consisting  of  some  fourteen  claims,  is  situated  on  the  eastern 
slope  of  San  Antonio  Peak,  generally  known  as  Baldy  Mountain,  in 
San  Bernardino  County,  California,  and  lies  at  an  elevation  of  between 
7  500  and  8  000  ft.  above  sea  level,  in  the  San  Gabriel  Mountains.     The 
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rich  i^lacer  gravel  is  found  in  the  well  defined  channel  of  an  ancient 
river  bed,  -which  was  elevated  as  the  mountains  rose,  and  left  high  and 
dry  upon  the  summit  of  the  ridge.  It  is  not  the  intention  to  go  into 
the  geology  of  this  region,  nor  into  its  ancient  history,  except  so  far 
as  it  bears  upon  the  engineering  features  of  the  work. 

The  general  course  of  the  old  river,  at  the  point  under  consideration, 
was  nearly  southwest.  Coming  as  it  did  from  the  north  or  northeast, 
it  left,  with  perhaps  other  gold-bearing  streams,  deposits  of  auriferous 
gravel  scattered  over  the  Mojave  Desert,  and  had  its  mouth  some  10 
to  15  miles  south  of  San  Antonio  Peak,  when  the  great  San  Gabriel 
Valley,  in  which  is  the  town  of  Pasadena,  and  also  the  country  around 
Los  Angeles,  were  still  under  the  waters  of  the  ocean.  Whether  these 
southern  rivers  were  the  lower  portions,  and  whether  here  were  situated 
the  mouths  of  part  of  the  gi*eat  ancient  river  system  of  the  North, 
which  has  produced  so  much  placer  gold,  it  is  not  necessary  for  present 
purposes  to  consider.  Yet  it  is  interesting  to  observe  some  of  the 
"^ell  defined  river  mouths  on  the  southwest  slopes  of  the  ranges  in 
southern  California,  where  gold-bearing  gravel  has  been  deposited 
over  thousands  of  acres,  to  a  depth  of  from  .300  to  500  ft.,  in  well 
defined  ocean  bays.  This  gravel  is  mixed  with  all  kinds  of  marine 
shells,  some  immense  oyster  beds  in  these  deposits  now  lying  from 
2  000  to  3  000  ft.  above  the  present  sea  level,  and  it  may  not  be  out 
of  place  to  note,  as  has  been  demonstrated  from  well  authenticated 
documents,  that  the  first  discovery  of  gold  in  California  was  made  in 
one  of  these  bay  deposits,  that  of  the  San  Feliciana,  in  Los  Angeles 
County,  about  40  miles  north  of  the  city  of  Los  Angeles,  by  Francisco 
Lopez,  from  six  to  sixteen  years  before  the  much  glorified  Marshall 
made  his  discovery  in  1848  at  Sutter's  Mill. 

Topographical  Featurea. — The  tojiography  of  that  portion  of  the 
ridge  on  which  the  old  channel  was  raised  has  almost  entirely  changed 
during  the  ages  since  the  ujjheavals.  The  elements  have  worn  away 
the  greater  jiart  of  the  old  channel.  There  are  i*ecent  gulches  cut 
across  and  parallel  with  the  old  stream,  and  most  of  the  country  sur- 
rounding its  course  lies  below  the  present  level  of  its  bed-rock.  In 
three  places  the  old  bed  is  left.  One  is  where  it  passes  through  a  gap 
between  two  hills,  and  both  banks  of  the  river  are  left  with  the  gravel 
some  80  ft.  deep  between  them.  In  another  but  one  bank  and  a  por- 
tion of  the  bottom  rock  remains  on  the  steep  side  of  the  mountain. 
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The  third  is  a  level  piece  of  the  bed-rock,  with  deep  gulches  on  every 
side,  and  this  capped  -nith  a  cone  of  gold-bearing  gravel;  while  in  the 
long  gulch,  that  has  cut  diagonally  across  the  old  river,  has  been 
formed  a  secondary  deposit  of  gravel  and  gold,  washed  down  from  the 
channel  above. 

The  Water  Supply. — Although  other  things  are  required,  the  one 
essential  for  the  operation  of  placer  mining  is  islenty  of  water.  While, 
as  remarked,  the  gravel  was  left  high  and  dry,  a  water  supply  had  been 
provided  by  Nature  about  2.5  miles  distant  under  the  summit  of  San 
Antonio  Peak.  On  the  south  side  of  the  range,  at  some  previous 
time,  the  side  of  this  mountain  slid  down  toward  the  sea,  leaving  a 
tipped-up  basin  with  apparently  a  solid  rock  bottom  and  with  high 
mountain  walls  on  all  sides  save  one,  and  covering  an  area  of  some 
1  200  to  1  500  acres,  the  lower  edge  of  the  basin  being  about  2  200  ft. 
below  the  summit  of  the  mountain.  This  basin  has  been  gradiially 
filled  with  debris  from  the  mountain  above,  consisting  of  broken  rock 
and  earth,  and  part  of  its  surface  is  now  covered  with  heavy  timber. 

Although  within  sight  of  the  orange  groves  of  Pomona  and  Ontario, 
some  15  miles  distant,  in  the  valley  below,  these  mountains  are  covered 
over  six  months  in  the  year  with  heavy  banks  of  snow.  The  weather  is 
not  severely  cold  during  the  whole  of  the  winter,  yet  at  an  elevation  of 
8  000  ft.  the  author  has  experienced  storms  of  snow  and  wind  as  severe 
and  almost  as  cold  as  any  in  the  higher  elevations  of  the  Rocky  Moun- 
tains or  in  the  Dakotas.  Into  this  great  basin,  the  snows  drift  and 
pack  during  the  winter,  and  even  under  a  southern  California  sun  re- 
main until  late  in  July.  At  the  lower  edge  of  the  basin,  at  the  head  of 
San  Antonio  Creek,  burst  out  springs,  which  form  the  source  of  the 
water  supi^ly  for  the  mines. 

The  Reservoirs  and  Pipe  Line. — The  water  from  these  sjirings  flows 
over  the  bed-rock  at  the  lower  edge  of  the  basin,  drops  into  the  gulch 
at  the  head  of  San  Antonio  Creek,  and  sinks  into  the  debris  that  fills  the 
gorge.  To  catch  this  water  and  turn  it  into  the  head  of  the  pipe  line  a 
small  reservoir  or  catch  basin  was  built. 

The  debris  was  simjjly  leveled  off  across  the  gulch,  about  60  ft. 
wide,  leaving  a  bottom  of  fine  broken  granite  rock,  with  the  rock 
walls  of  the  hill  on  three  sides,  two  of  these  sides  being  slate  and  the 
upper  or  back  granite.  On  one  side  this  bottom  was  sunk  3  or  4  ft. 
deeper  for  a  waste  and  cleaning  gate. 
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At  tlie  lower  or  outer  side  of  this  collecting  reservoir  were  two  large 
granite  bowlders.  From  a  notch  cut  in  the  slate  wall  a  pine  log  dam  6 
ft.  high  was  built  across  to  the  bowlders  and  to  the  opposite  wall, 
lined  with  a  double  thickness  of  plank  sunk  into  a  trench  in  the  debris, 
and  the  fine  broken  rock  filled  back  against  the  plank.  A  waste  gate 
was  left  through  the  dam  at  the  lower  corner  opposite  the  pipe  entrance. 

In  considering  the  methods  of  construction  of  this  whole  work,  the 
fact  must  be  borue  in  mind  that  the  body  of  gravel  to  be  hydraulicked, 
while  rich  in  gold  jier  cubic  yard,  is  of  limited  extent,  and  will  all 
be  washed  out  and  the  works  be  of  no  value  in  a  very  few  years,  and 
hence  plans  and  methods  were  adopted  for  some  parts  of  the  work  not 
suited  to  more  permanent  structures.  The  head  of  the  pipe  was  riin 
through  the  planking  between  the  logs,  with  a  strainer  on  the  end  to 
keej)  out  leaves  and  sticks. 

It  will  be  seen  that  in  this  small  basin  there  were  five  kinds  of 
material  to  be  variously  joined  together  by  a  water-tight  lining;  shat- 
tered slate  to  be  joined  to  the  solid  granite  and  to  the  plank  dam;  the 
bottom  of  finely  broken  stone,  after  being  well  rammed,  to  be  covered 
and  joined  water-tight  to  slate,  granite  and  planking,  and  the  i)lanking 
to  be  joined  to  the  iron  pipe.  This  was  done  by  covering  the  whole 
inner  surface  Avith  two  coats  of  thoroughly  prepared  asjihalt  j^aste, 
apiilied  hot.  After  the  small  holes,  cracks  and  crevices  were  filled,  the 
thickness  of  the  asphaltum  was  not  over  0  5  in. 

This  asphalt  paste  was  made  of  4  parts  of  the  very  best  refined 
California  asphaltum  and  1  part  of  crude  petroleum,  without  sand, 
boiled  together  until  when  cool  it  formed  a  tou  ^h  rubber-like  paste, 
brittle  under  the  hammer  when  absolutely  cold,  and  yet  elastic  and 
pliable  with  the  least  warmth,  adapting  itself  to  any  slight  change  in 
foundation  or  walls.  A  tough  rubber-like  pouch  resting  inside  a  frame 
of  rock  and  timber  was  thus  formed.  With  this  lining  a  perfect  joining 
was  made  between  slats  and  granite,  timber  and  rock,  gravel  and  plank, 
plank  and  iron,  and,  after  two  summers  and  one  severe  winter,  is  in  good 
condition  and  well  adaj^ted  for  the  uses  intended,  the  only  repairs  being 
the  addition  of  a  few  quarts  of  asphalt  last  spring.  Further  reference 
to  this  work  will  1)e  made  in  the  description  of  the  pressure  reservoir. 

The  Pipe  Line. — The  distance  from  the  collecting  reservoir  to  the 
pressure  reservoir  or  penstock,  just  2  miles,  was  along  a  very  steej}, 
rough  and  crooked  mountain  side.     It  would  have  been  impracticable 
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to  maintain  a  ditch  or  flume  on  account  of  the  snow  and  rock  slides 
from  the  mountains  above.  For  this  reason,  and  also  on  account  of  the 
nature  of  the  material  along  the  route,  a  pipe  line  was  laid.  A  bench 
from  2.5  to  4  ft.  wide  was  cut  along  the  mountain  side,  and  in  this,  next 
to  the  wall  where  the  material  was  earth  or  debris,  was  sunk  a  trench 
in  which  was  laid  the  pipe,  but  along  the  cliffs  and  in  solid  rock  the 
whole  bench  was  cut  out  to  the  bottom  level  of  the  trench.  For  a  dis- 
tance of  some  200  ft.  at  one  point,  a  half  tunnel  was  cut  in  the  face  of  a 
perpendicular  cliff. 

One  feature  of  this  work  is  worthy  of  note,  as  causing  extra  expense 
in  construction.  On  account  of  the  rock  and  snow  slides  from  above, 
it  was  necessary  to  cover  completely  this  pipe  for  protection,  and 
owing  to  the  very  steej)  mountain  sides  almost  every  particle  of  the 
material  excavated  was  lost  in  the  ravines  below.  Hence  to  cover  the 
j)ipe  new  material  had  to  be  excavated,  and  this,  especially  along  the 
rock  faces,  increased  considerably  the  expense  of  the  work. 

At  three  points  the  pipe  is  exposed  in  carrying  it  across  steep  and 
narrow  gulches,  this  i^lan  being  considered  cheaper  at  these  places  even 
if  the  line  had  to  be  replaced,  and  extra  pipe  was  provided  and  left  on 
the  ground  for  that  purpose.  Across  these  gulches  were  built  simple 
lattice  spans  32  and  64  ft.  in  length,  resting  on  trestle  bent  abutments. 
The  spans  were  built  of  rough  mountain  pine  lumber,  the  top  and  bot- 
tom chords  being  composed  of  one  line  of  2  x  12-in.  plank  faced  with 
two  lines  of  1  x  12-in.  boards  l)reaking  joints,  and  latticed  and  braced 
with  1  X  6-in.  boards  all  simply  spiked  together  with  wire  nails.  The 
64- ft.  span  was  6  ft.  in  height  and  4.5  ft.  in  width,  all  of  the  material 
like  the  pipe,  being  transported  for  nearly  2  miles  on  men's  backs,  as 
is  described  a  little  farther  on.  This  method  of  construction,  though 
rough  and  in  some  resiiects  unscientific,  has  for  two  years  proved 
entirely  satisfactory  for  the  purposes  intended. 

The  pii)e  laid  was  the  ordinary  California  No.  16  gauge  sheet  iron 
riveted  pipe  boiled  in  asphalt,  with  driven  joints.  It  was  laid  on  a 
grade  of  40  ft.  per  mile  for  the  first  500  ft.,  the  remainder  being  on  a 
grade  of  16  ft.  jjer  mile,  except  the  last  1  500  ft.,  which  was  26.4  ft.  per 
mile. 

The  first  1  800  ft.  of  pipe  was  12  ins.  in  diameter,  2  000  ft.  was  10 
ins.,  and  the  V)alance  was  8  ins.  in  diameter.  Cross  and  waste  valves 
were  provided  at  the  upper  and  lower  ends  and  at  the  head  of  the  8-in. 
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pipe.  Air  valves  were  placed  about  1  200  ft.  apart  along  the  ■whole 
length  of  the  line.  After  careful  examination  of  the  gulches  to  be 
crossed,  etc. ,  it  was  estimated  that  the  pipe  could  be  laid  more  cheaply 
on  such  a  continuous  grade,  and  it  could  be  completely  emptied  of  all 
water  in  winter  without  the  use  of  so  many  expensive  valves  as  would 
have  been  necessary  if  the  gulches  had  been  crossed  by  descending 
into  them.  It  may  here  be  remarked  that  the  size  of  this  pipe  did  not 
meet  the  approval  of  the  author  on  account  of  the  fact  that,  although 
it  carries  all  the  water  coming  from  the  springs  in  August,  Septem- 
ber and  October,  it  allows  about  two-thirds  of  the  water  flowing  in 
April,  May  and  June  to  go  to  waste.  The  capacity  of  the  pipe  should 
have  been  such  as  to  carry  nearly  all  of  this  early  melting  snow,  so  as 
to  work  the  mines  at  the  gi'eatest  advantage  and  to  the  full  capacity  of 
the  water  during  the  early  months,  thus  getting  maximum  results  for 
the  whole  year.  But  he  was  overruled  by  the  treasurer  of  the  comjiany 
on  account  of  first  cost. 

The  pipe,  valves,  material  for  faying  the  pipe,  timber  for  dam  and 
bridges,  and  asphaltum  for  reservoirs  were  all  delivered  by  wagon  at 
the  lower  end  of  the  pipe  line.  In  order  to  distribute  this  pipe  along 
the  line,  and  the  material  for  the  small  reservoir  and  bridges,  resort 
was  had  to  jjrimitive  means  of  transportation.  The  weight  of  all  this 
material,  including  the  pipe  from  the  penstock  to  the  mines,  was  ap- 
proximately 100  tons.  This  100  tons  had  to  be  carried  on  men's  should- 
ers to  an  average  distance  of  1.2.5  miles  along  a  narrow  path  on  this 
steep  mountain  side  and  around  clifi's  where  a  mis-steii  would  have 
dashed  men  and  load  upon  the  rocks  hundreds  of  feet  below. 

Although  the  author  has  had  some  experience  with  the  French 
Canadian  voyageurs  in  the  pathless  forests  north  of  the  Canadian  Pacific 
Bailroad,  and  in  portaging  heavy  supplies  around  portions  of  western 
rivers,  it  had  never  fallen  to  his  lot  to  experience  the  difficulties  or  ex- 
pense of  transporting  in  this  primitive  manner  100  tons  of  bulky  mate- 
rial even  the  short  distance  of  2.5  miles,  especially  over  such  a  steep 
side  hill  trail.  When  the  time  drew  near  to  begin  this  part  of  the 
work  the  grading  of  the  line  was  about  three-quarters  done  and  it  would 
have  been  inconvenient  to  lose  the  grading  force.  There  came  near 
being  a  rebellion  among  the  men  upon  this  work,  for  the  ordinary 
grader  objected  to  being  turned  into  a  pack  mule. 

One  of  the  foremen  was  sent  down  to  secure  the  aid  of  some  Moxi- 
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can  Indian  packers.  A  dozen  of  them  were  brought  up  and  set  to 
work.  They  worked  all  of  one  day  and  then,  with  two  excejDtions, 
vanished  down  the  mountain  during  the  next  ni^ht  without  asking  for 
their  day's  pay.  A  second  attempt  was  more  successful,  and  a  larger 
band  of  Mexicans  was  secured,  that  remained  to  complete  the  work. 
After  several  days'  trial,  with  a  young  engineer  who  spoke  Spanish  as 
a  foreman,  it  was  concluded  that  they  were  doing  good  work  when 
two  men  carrying  one  piece  of  pipe  between  them  made  an  aggregate 
of  16  miles  per  day  over  such  a  trail,  that  is,  8  miles  out  loaded  and  8 
miles  back  empty.  The  largest  pieces  of  pipe  weighed  210  lbs.  each. 
It  was  thought  then,  to  save  the  expense  of  the  foreman,  to  set  these 
packers  a  task,  a  custom  followed  largely  in  handling  Mexican  work- 
men. Sixteen  miles  a  day  was  taken  as  a  basis.  The  next  day  they 
began  with  this  task  and  they  were  comfortably  seated  around  their 
camji  fires  by  three  o'clock  in  the  afternoon,  working  in  this  way. 
Two  of  the  men  would  take  between  them  a  piece  of  pipe  weighing  210 
lbs.  and  trot  along  irom  0.5  to  0.75  mile  without  stopping.  The 
heaviest  work  was  packing  the  12-in.  cast-iron  gates  to  the  outer 
reservoir.  After  taking  them  apart,  the  largest  pieces  weighed  425  lbs. ; 
these  had  to  be  carried  in  the  same  manner  over  the  same  trail  the  full 
2  miles.  Four  men  went  with  each  piece  at  one  time.  Two  of  them 
would  carry  it  swung  between  them  on  a  pole  on  their  shoulders 
from  500  to  1  000  ft.  according  to  the  nature  of  the  trail,  and  then  give 
it  to  the  other  two,  thus  alternately  carrying  it  the  2  miles. 

It  is  rather  a  remarkable  fact  that  on  the  Pacific  Coast  where  so 
much  of  this  light  sheet-iron  pipe  is  used,  that  manufacturers  have  not 
made  a  much  lighter  water  gate  to  go  with  it.  Nowhere  among  the 
large  pijje  manufacturers  in  San  Francisco  could  anything  be  found 
for  water  gates  except  the  ordinary  cast-iron  gates  used  with  heavy 
cast-iron  pipe. 

One  of  the  most  difficult  parts  of  the  work  in  laying  this  pipe  was 
where  the  line  passed  over  an  immense  rock  slide  that  came  from 
1  000  ft.  above  the  line  and  extended  as  many  more  below.  The  top 
10  to  15  ft.  of  the  slide  was  the  only  portion  that  kei)t  gradually 
sliding.  After  moving  hundreds  of  tons  of  this  material  the  ditch 
seemed  just  as  far  from  completion  as  when  it  was  begun.  The  plan 
was  then  adoi)t('d  of  running  in  the  ti'ench  for  one  length  of  pipe,  20 
ft.,  covering  that  up  completely  to  the  natural  slope  of  the  slide,  and 
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then  excavating  for  the  next  section  independently,  allowing  the  loose 
material,  with  some  assistance  from  the  men,  to  form  a  rough  arch  up 
into  the  slide  above  that  portion  being  excavated;  in  this  manner  the 
pijDe  was  successfully  laid,  a  section  at  a  time,  down  in  the  more  solid 
portion  of  the  slide,  that  apparently  had  not  moved  for  years.  It  was 
dangerous  work,  for  in  driving  the  joints  the  heavy  blows  of  the  maul 
shook  the  whole  slide.  The  author  stood  on  the  bank  and  watched 
the  movement  of  the  slide  while  the  workmen  were  down  in  the  ditch, 
^nd  many  times  had  to  give  the  alarm  for  the  men  to  jump  for  their 
lives.  It  may  be  remarked,  however,  that  the  whole  work  of  this 
water  system  was  completed  without  the  least  accident  to  any  of  the 
men. 

In  covering  up  the  pipe  through  this  slide  the  covering  stones  were 
selected  and  laid  so  as  to  form  a  complete  dry  arch  over  the  inpe. 
Last  winter  entirely  obliterated  the  line  of  work  on  top  of  the  slide, 
Taut  after  nearly  two  years  the  pipe  itself  is  apparently  in  perfect  con- 
dition. 

The  Pressure  Reservoir. — This  reservoir  was  T)uilt  for  two  pur- 
poses :  First,  as  a  jienstock  at  the  head  of  the  pressure  pipe  to  the 
mines;  second,  as  a  reservoir  to  hold  the  water  for  some  hours,  during 
the  latter  part  of  the  season,  when  the  supply  was  limited.  It  is  not 
the  size  or  capacity  of  this  reservoir  that  calls  for  special  atten- 
tion. Very  small  results,  if  they  demonstrate  principles,  may  be  more 
instructive  than  lai'ger  enterprises  with  questionable  outcomes. 

Plans  were  made  for  a  larger  reservoii",  but  only  the  bottom  \iov- 
tion  was  built  with  a  capacity  of  some  330  000  galls.,  while  if  completed 
to  its  full  height  the  capacity  would  be  3  000  000  galls. 

This  reservoir  was  formed  at  the  head  of  a  gulch  on  a  thickly 
timbered  part  of  the  ridge  above  the  mines.  A  semi-cii'cular  dam  was 
built  across  the  gulch,  of  a  single  thickness  of  large  pine  logs,  with 
ends  sawed  on  radial  lines  and  butted  close  together,  forming  an 
arch  with  a  slight  batter  up  stream.  Each  row  of  logs  was  separated 
with,  and  bound  together  by,  smaller  logs  laid  at  right  angles  to  the 
dam  and  extending  up  into  the  reservoir.  As  these  were  put  in  jjlace, 
a  bank  was  formed  on  the  ujDper  side  of  the  timber,  of  earth  and 
broken  rock  well  tamped  in  around  the  logs.  This  material  came  from 
cleaning  out  the  gulch  to  form  the  bottom  of  the  reservoir,  and  was 
tamjjed  in  dry  (there  was  not  a  drop  of  water  within  a  half  mile)  no 
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attempt  being  made  to  form  a  water-tight  or  water-holding  dam  of 
this  material.  The  slope  on  the  upj^er  side  of  this  dam  was  one  and 
one-half  to  one,  that  on  the  sides  of  the  reservoir  being  two  to  one  for 
convenience,  not  from  necessity.  The  depth  of  the  bottom  portion  of 
the  reservoir  bnilt  Avas  12.5  ft. 

It  may  be  explained  here  that  in  order  to  form  the  larger  reservoir 
of  3  000  000  galls,  capacity,  a  large  amount  of  material  would  have  to 
be  excavated  from  the  sides.  This  material,  broken  rock  and  earth,  it 
was  intended  to  dump  over  the  present  dam,  and  tamp  in  layers 
between  the  present  and  a  second  log  dam  and  crib  bnilt  farther  down 
the  gulch. 

The  iise  of  these  log  dams  in  the  manner  described  was  to  save 
expense  in  handling  sufficient  material  to  form  an  ordinary  earth  or 
rock  dam,  and,  as  remarked  before,  would  not  be  adapted  to  structures 
intended  to  be  permanent. 

In  considering  the  next  part  of  the  subject,  the  most  important 
item  of  all,  the  water-tight  lining  of  such  a  reservoir,  the  method  of 
constructing  the  dam  bears  an  important  relation  to  the  material  used 
for  lining.  In  this  portion  of  the  work,  the  building  of  the  dam  and 
reservoir  proper,  it  is  thought  that  the  plans  followed  are  applicable 
to  dam  and  reservoir  construction  for  permanent  works  of  almost  any 
size,  with  proper  modifications  of  details  for  local  conditions. 

Certain  facts  peculiar  to  the  locality  under  consideration  led  to  the 
adoption  of  methods  almost  if  not  entirely  new.  There  was  no 
material  on  this  ridge  that  in  any  way  could  be  used  as  jjuddle  for  a 
dam,  and  the  bottom  and  sides  of  the  reservoir  were  of  earth,  rotten 
granite  and  shattered  slate. 

To  overcome  all  these  difficulties  a  lining  was  formed  of  asphalt 
concrete,  not  what  is  known  in  the  street  paving  business  as  asphalt 
concrete,  composed  of  asphaltum  and  sand,  for  clean,  sharp  sand 
would  have  cost  ^20  per  ton  to  deliver  on  the  mountain,  but  a  true 
concrete  was  used  of  broken  stone  and  asphaltum.  The  stone  Avas 
obtained  from  a  porphyry  dyke  near  by,  which  had  been  largely 
broken  up  by  repeated  earthqiiakes,  freezing  and  thawing.  This 
stone  was  broken  into  pieces  of  2  ins.  and  under,  all  the  flue  material 
and  dust  being  left  in  and  sufficient  fine  material  added  to  form,  as 
nearly  as  it  was  jjossible  to  do  so,  the  theoretically  perfect  concrete 
material,  where  every  space  between  the  pieces  is  tilled  with  smaller 
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stones  even  down  to  fine  dust,  so  that  the  surfaces  of  each  particle 
are  brought  into  actual  contact  with  those  next  to  it,  and  thus  only 
the  smallest  amount  of  asphaltum  was  necessary  to  bind  th^  whole 
together  in  a  solid  and  water-tight  mass. 

This  concrete  was  i^repared  in  two  ordinary  pans  or  kettles  from  a 
street  paving  outfit.  The  rock  was  heated  and  well  mixed  in  one  pan, 
and  the  asphaltum  paste,  composed  of  four  parts  of  California  refined 
asphaltum  and  one  part  of  crude  petroleum,  was  boiled  in  another 
kettle.  This  boiling  hot  asjjhaltum  j^aste  was  poured  with  ladles  over 
the  hot  rock,  and  the  whole  well  mixed  while  over  the  fire  with  shovels 
and  hoes,  until  every  particle  of  stone,  sand  and  dust  was  thoroughly 
covered  with  the  jiaste.  The  concrete  was  then  taken  out  into  hot 
iron  wheelbarrows  and  put  in  place  in  the  usual  manner,  being 
thoroughly  rammed,  rolled  and  ironed  or  smoothed  down  with  hot 
irons.  This  concrete  was  put  on  in  one  layer  4  ins.  in  thickness,  in 
strips  from  4  to  6  ft.  in  width,  and  where  the  strij^s  were  joined,  the 
old  edge  was  well  coated  over  with  hot  paste.  After  the  whole  reser- 
voir was  lined,  it  was  painted  with  hot  asj)haltum  paste  mixed  in  the 
same  proportions,  but  boiled  a  much  longer  time,  until  when  entirely 
cold  it  was  hard  and  brittle  breaking  under  the  hammer  like  glass, 
yet  tough,  elastic  and  pliable  with  the  least  warmth.  This  j^aint- 
ing  was  done  while  the  paste  was  very  hot  and  could  be  ironed  down 
with  hot  irons.     Its  thickness  should  not  exceed  i  in. 

The  results  of  this  work  show  : 

First. — For  nearly  two  years  it  has  stood  during  two  hot  summers 
and  one  very  cold  winter  without  showing  a  single  crack  anywhere  in 
the  whole  structiire. 

Second. — In  one  part  of  the  dam,  where  a  trench  was  cut  through  it 
and  then  filled  uja,  before  the  lining  was  put  on,  the  bank  settled  some 
5  or  6  ins.  in  a  strip  about  4  ft.  wide,  and  the  lining  followed  the  set- 
tling, conforming  itself  to  the  new  conditions  without  the  least  break. 

Third. — This  concrete,  formed  and  applied  as  here  described  on 
slopes  of  one  and  one-half  to  one,  has  so  far  shown  no  tendency  to 
creep,  one  of  the  great  objections  to  the  ordinary  material  formerly 
used,  composed  of  sand  and  asphaltum. 

Before  drawing  some  deductions  from  the  experience  derived  from 
this  work,  it  will  be  proper  to  record  one  or  two  errors,  for  failures 
and  mistakes  are  as  instructive  as  successes. 
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This  reservoir  lining  was  put  iu  by  contract,  and  after  a  large  part 
was  completed,  the  contractor's  "  practical  foreman  "  concluded  that 
the  fine  particles  and  dust  used  up  too  much  asphaltum.  Hence,  with- 
out the  consent  or  knowledge,  and  afterwards  against  the  protest,  of 
the  author,  he  sifted  out  the  finer  particles,  attempting,  in  his  practical 
economy,  to  fill  these  larger  spaces  with  asphaltum,  by  painting  it 
over  with  a  heavier  coating  of  paste.  It  is  hardly  necessary  to  say 
this  was  an  entire  failure.  The  paste  when  hot  ran  down  into  these 
^crevices  and  left  fine  holes,  which  of  course  leaked.  To  remedy  this 
defect  water  was  turned  in  with  a  large  amount  of  sand  and  earth. 
This  filled  the  openings  and  all  leaking  stopped.  The  water  was 
drawn  off",  the  surface  allowed  to  dry,  and  then  a  second  and  third 
coating  of  paste  was  applied.  While  in  this  case  the  result  was  satis- 
factory for  the  time  being,  such  work  could  not  be  used  in  a  large 
storage  reservoir',  or  in  a  more  permanent  structure. 

On  the  portion  rejiaired  in  this  manner  a  much  too  thick  paint- 
ing was  put  on,  and  this  outside  coat,  to  which  some  imi^erfect  sand 
was  added,  shows  the  usual  tendency  to  creep  or  slide,  while  in  no 
case,  even  in  the  imperfect  concrete  under  it,  does  this  creeping  show 
in  the  least,  but  the  whole  of  the  concrete,  after  nearly  two  years,  is  in 
as  perfect  condition  and  form  as  the  day  it  was  put  on.  It  is  i^roper 
to  state  here  that  this  subject  of  lining  reservoirs  with  asphaltum  was 
first  brought  before  the  Society  by  J.  D.  Schuyler,  M.  Am.  Soc.  C.  E. , 
in  his  paper*  on  "  The  Use  of  Asphaltum  for  Reservoir  Linings." 

The  so-called  concrete  which  was  used  in  that  work  was  composed 
of  clean  sand  and  asphaltum,  the  usual  composition  for  street  paving. 
In  the  discussionf  of  that  j^aper  some  important  questions  were  asked, 
which,  as  far  as  known,  have  not  been  answered. 

Perhaps  the  experience  here  related  and  the  following  conclusions 
may  somewhat  answer  those  questions. 

First. — It  is  believed  that  an  almost  perfect  lining  for  reservoirs,  of 
any  size  and  in  any  part  of  the  country  and  any  climate,  excepting  per- 
haps under  the  equator,  may  be  had  by  using  an  asphalt  concrete  such 
as  described  in  this  paper,  and  at  a  cost  much  below  ordinary  methods 
of  constructing  water-tight  reservoirs.  In  this  instance  a  lining  4  ins. 
thick  was  put  on  for  15  cents  per  square  foot. 


•  See  the  Traruaclioni  of  the  American  Society  of  Civil  Engineew,  Vol.  X.XVII,  p.  629. 
i  See  the  Trantactiotu  of  the  AmericAn  Society  of  Civil  Eugineen,  Vol.  XXVIII,  p.  130. 
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Seco7id.—The  concrete  should  be  formed  of  broken  stone  (not  gi'avel 
or  sand)  in  2-m.  cubes  and  under,  with  finer  particles  down  to  sand  and 
dust,  so  that  every  particle  will  be  in  contact  as  perfectly  as  possible, 
thus  requiring  the  use  of  a  minimum  amount  of  asjihaltum.  If  this 
concrete  is  made  in  proper  proportions  and  thoroughly  mixed,  it  can 
be  so  compressed  by  hot  ramming,  rolling  and  ironing  as  to  be  im- 
pervious to  water  throughout  its  whole  mass. 

One  element  of  economy,  it  is  believed  from  some  experiments 
made,  comes  from  the  fact  that  material  for  such  a  concrete,  not  here 
referring  to  the  asphaltum,  can  be  had  cheai3ly  on  any  reservoir  site 
where  rock  is  at  hand.  It  is  not  necessary  to  go  to  great  expense  to 
procure  clean  sharp  sand  as  is  usually  specified  for  hydraulic  cement 
concrete.  The  finer  particles  may  be  composed  of  even  good  sandy 
loam,  if  clear  of  roots  and  vegetable  matter,  provided  the  whole  mass 
is  properly  dried,  pulverized,  and  used  in  the  right  proportions. 

Third. — The  proportions  and  preparation  of  what  is  here  called  the 
'•  asphalt  paste"  is  a  very  important  item.  It  is  to  be  regretted  that 
the  works  built  were  not  of  such  magnitude  and  importance  as  to 
justify  extended  and  careful  experiments  on  this  point,  and  it  is  hoped 
that  the  author  or  some  other  member  may  have  the  opportunity  of 
making  such  experiments  and  repoi-ting  them  for  the  benefit  of  the 
society.  The  time  required  for  cooking  this  mixture  to  produce  a 
tough,  hard,  rubber-like  material  when  almost  cold  and  almost  as 
brittle  as  glass  when  absolutely  cold,  cannot  be  given  in  exact  figures. 
Of  course  great  care  should  be  taken  not  to  burn  the  paste  while  cook- 
ing. It  is  believed  that  these  two  facts,  the  use  of  a  true  concrete  in- 
stead of  a  porous  sand  mixture,  and  a  more  thorough  cooking  of  the 
asphaltum  i)a8te,  will  do  away  with  nearly  all  of  the  objections  to  using 
asphaltum  for  reservoir  linings,  especially  the  creeping  of  the  lining 
down  the  banks,  and  for  this  reason  steeper  banks  may  be  used. 

Fourth. — One  great  advantage  thus  gained  is  the  possibility  of  form- 
ing dams  and  embankments  for  reservoirs  of  material  best  suited  for 
the  purpose  of  a  gravity  dam,  and  entirely  eliminating  the  question  of 
core,  puddle  or  any  water-tight  method  in  their  formation. 

As  a  basis  of  cost  of  the  concrete  (with  such  work  as  is  here  de- 
scribed, 4  ins.  thick,  costing  15  cents  per  square  foot),  it  is  estimated  that 
with  asi^halt  at  S20  per  ton,  and  working  on  a  large  scale,  mixing  and 
handling  being  done  by  machinery,  such  concrete  can  be  put  in  place 
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and  finished  6  ins.  in  thickness  for  the  same  price,  15  cents  per  square 
foot,  common  labor  being  at  $2  i^er  day. 

Suggestion  for  a  Neio  Method  of  Bam  Building. — The  question  has 
been  asked  how  far  one  would  be  justified  in  following  such  a  mode  of 
construction  in  large  storage  reserroirs.  The  author  will  state  that  he 
has  already  recommended  the  building  of  a  storage  reservoir  in  southern 
California  with  a  dam  120  ft.  high  on  a  jslan  which  to  him  seems  to 
have  many  advantages  in  economy,  safety  and  permanence.  The  re- 
commendation without  details  is  as  follows: 

After  clearing  the  dam  site  to  bed-rock  in  the  canon,  which  is  per- 
haps a  quarter  of  a  mile  in  width  at  the  top  level  of  the  proposed  dam, 
with  rocky  sides  and  bottom,  and  jDreparing  proper  toe  catches  in  the 
bed-rock,  a  gravity  dam  is  to  be  built  of  loose  rock  blasted  from  the 
sides  of  the  canon  and  dumped  in  place  by  cableways. 

Care  should  be  taken  in  placing  the  larger  rocks,  which  in  this  way 
can  be  handled  up  to  several  tons  in  weight,  so  as  to  surround  them 
with  smaller  pieces,  making  the  mass  as  compact  as  possible  and  re- 
ducing the  amount  of  settling  and  movement  to  a  minimum.  This  can 
be  done  with  but  very  little  extra  expense  beyond  a  systematic  and 
intelligent  dumping  of  the  rock  from  the  grabs  and  buckets. 

The  inner  face  of  this  dam  should  be  laid  up  more  carefully.  A 
thickness  of  perhaps  10  or  15  ft.  at  the  bottom  and  reduced  to  from  2 
to  5  ft.  at  the  extreme  top  should  be  placed  by  hand  in  the  form  of  a 
well  laid  dry  wall,  on  such  a  sloj^e  as,  after  investigation  of  details, 
would  be  best  adapted  to  the  conditions  of  the  special  case  in  hand. 
The  joints  of  this  hand-laid  portion  should  be  well  tilled  with  spalls, 
and  the  surface,  considering  the  direction  from  side  to  side  across  the 
face  of  the  dam,  left  as  even  as  can  be  done  without  hammer  dressing, 
though  not  smooth. 

Starting  from  the  bottom,  as  this  hand-placed  portion  is  laid  up, 
every  5  or  6  ft.  the  surface  should  be  stepped  back,  say,  3  in.,  leaving  a 
series  of  3-in.  steps  all  the  way  to  the  tojj  of  the  dam.  On  the  surface 
thus  prepared,  place  a  true  asphalt  concrete  perhaps  1  ft.  in  thickness. 
If  the  concrete  is  properly  projiortioned.  well  mixed  and  well  laid,  ^s-ith 
the  addition  of  the  3-in.  steps,  there  will  be  no  difficulty  experienced 
from  creeping. 

The  advantages  of  the  method  here  recommended  are  believed 
to  be  : 


STAXTOX    OX    NEW   METHOD    OF    BUILDIXG    DAMS.  83 

First. — A  perfectly  safe  and  permanent  dam  can  be  thus  built  at  a 
minimum  cost  at  the  point  proposed.  With  such  a  lining  a  perfect 
joining  can  be  made  to  the  bed  rock  in  the  bottom  of  the  canon  and  to 
the  side  walls  from  top  to  bottom.  Such  a  lining  would  be  jjerfectly 
water-tight,  but  in  the  case  of  a  leak  repairs  could  be  made  at  the 
smallest  possible  cost,  not  only  from  the  nature  of  the  material,  but 
from  the  fact  that  the  core  would  be  on  the  outside  and  thus  easily 
reached.  One  other  source  of  economy  would  be  the  fact  that  every 
particle  of  the  material  in  the  dam  w^ould  exert  its  full  influence  in 
gravity,  none  of  the  rock  between  the  usually  placed  core  and  the 
inner  surface  of  the  dam  being  in  submersion. 

Second.  — Such  a  structure  would  be  permanent  from  the  fact  that 
all  the  material  composing  it  would  be  practically  indestructible. 

Third. — Satety  for  very  many  reasons  is  a  most  important  consid- 
eration. Such  a  structure  would  be  absolutely  safe  if  the  dam  were 
properly  proportioned.  No  material  in  its  construction  would  be 
affected  by  the  elements,  or  by  animals  boring  into  or  through  it.  In 
case  of  j)ossible  leaks  by  cracks  from  any  cause  in  the  asphalt  lining, 
the  water  coming  into  the  dam  i:)roper  would  be  quickly  and  com- 
pletely drained  away,  a  very  desirable  result. 

With  even  a  number  of  cracks  formed  in  the  asphalt  lining,  there 
would  be  little  or  no  danger  of  a  great  flood  caused  by  the  rapid  en- 
larging of  the  opening,  as  has  been  the  case  in  earth  and  even  in  cement 
laid  masonry  dams.  The  i^assing  of  all  the  water  in  a  full  reservoir 
through  a  crack  in  such  an  asphalt  lining  would  have  very  little  effect 
in  enlarging  the  opening.  From  some  personal  and  severe  tests  the 
author  has  found  that  such  a  concrete,  with  sand  and  gravel  and  water 
passing  over  it,  is  i:)ractically  indestructible  as  compared  with  solid 
granite.  The  only  way  a  crack  would  become  enlarged  would  be  by 
the  pressure  of  the  water  i)assing  through  it,  but  as  the  pressure  would 
be  against  the  concrete,  backed  l)y  the  solid  rock,  this  efiect  would  be 
very  small.  For  these  reasons  it  is  believed  that,  considering  the 
results  obtained,  such  a  method  of  construction  would  be  economical, 
permanent  and  safe. 

The  author  is  aware  that  there  are  many  jjlaces  where  rock  in  such 
quantities  could  not  be  obtained  cheajjly.  With  his  confidence  in 
such  an  asjihalt  concrete,  as  here  described,  he  would  not  hesitate  to 
use  earth  and  loose  rock  in  the  construction  of  the  dam,  and  in  places 
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■where  no  rock  bottom  could  be  found,  with  perhaps  some  additional 
precautions,  in  placing  the  lining.  But  in  the  great  western  arid 
region  where  storage  reservoirs  for  irrigation  purposes  are  becoming 
more  important  and  necessar\'  every  year,  rock  is  the  cheapest 
material  to  be  had  in  almost  all  instances.  Throughout  this  section, 
both  north  and  south,  and  also  in  many  jjarts  of  the  eastern  states, 
the  author  believes  loose  rock  gravity  dams  with  asphalt  concrete 
lining  to  be  the  best  and  most  economical  means  of  securing  efficiency, 
safety  and  permanence. 

The  author  would  make  one  more  suggestion,  drawn  from  his  ex- 
perience in  using  this  asphalt  concrete  in  lining  sluiceways.  Asphalt 
concrete  is  believed  to  be  the  best  material  for  lining  earth,  gravel  or 
shattered  rock  ditches,  sluices,  spillways,  etc.,  when  high  velocities 
are  necessary,  and  the  banks,  sides  and  bottoms  must  be  protected 
from  the  action  of  the  water.  Esi)ecially  is  it  valuable  in  repairing 
overflow  dams,  spillways,  etc.,  since  an  absolute  union  can  be  made 
with  the  original  structure,  of  whatever  material  it  may  be  comj^osed, 
a  result  most  difficult  to  accomplish  with  the  best  cement,  concrete  or 
mortar. 

It  is  hoped  that  these  suggestions  may  bring  from  members  of 
the  Society  and  others  their  experiences  in  such  work,  and  a  full 
criticism  of  the  methods  herein  proposed. 
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DISCUSSION. 


P.  W.  Hekry,  Assoc.  M.  Am.  Soc.  C.  E. — Asphalt  blocks  snch  as  Mr.  Henry, 
are  used  for  paving  are  made  with  a  concrete  similar  to  that  described 
in  the  paper.  The  rock  is  crushed  and  all  the  broken  stone,  ranging 
in  size  from  1  in.  to  an  impaljjable  jjowder,  is  used.  The  results  vary 
according  to  the  kind  of  rock  used;  with  soft  limestone  the  blocks  have 
not  been  so  satisfactory  as  with  trap  and  granite,  which  are  now  em- 
ployed exclusively. 

Experiments  have  been  made  with  asj^halt  paving  mixtures,  using 
Portland  cement  and  Rosendale  cement  in  place  of  the  ordinary  stone 
dust,  but  it  is  uncertain  whether  there  is  any  advantage  in  such  a 
practice. 

Edwabd  p.  North,  M.  Am.  Soc.  C.  E. — There  is  no  statement  in  the  Mr.  North., 
paper  as  to  the  proportion  of  asphalt  or  bitumen  used  in  the  concrete. 
The  author  stated  that  the  finer  particles  may  be  composed  of  good 
sandy  loam,  but  the  speaker  believed  that  whenever  there  is  any  clay 
in  comVjination  with  asj^halt,  it  tends  to  produce  disintegration.  In 
asphalt  pavements  it  is  rather  necessary  that  pure  sand  should  be  used 
with  Trinidad  bitumen;  California  bitumen  is  purer  and  may  stand 
a  larger  jjroportion  of  clay  without  injury.  He  considered  that  there 
is  ultimate  danger  in  using  any  clay  in  combination  with  bitumen 
intended  to  resist  weather  or  wear. 

With  regard  to  the  use  of  maltha,  it  has  been  found  in  Europe, 
where  asphalt  proper,  an  amorphous  limestone  naturally  impregnated 
with  bitumen,  is  employed  in  contradistinction  to  bitumen  as  in  this 
country,  that  the  best  results  are  obtained  with  gondron,  which  is  very 
like  the  California  maltha.  The  best  goudron  came  from  sandstone 
rocks  in  the  Pyrenees,  but  this  source  of  supjjly  is  now  exhausted, 
and  shale  oil,  or  Strasburg  grease  as  it  is  sometimes  called,  is  used 
instead.  This  is  a  rock  bitumen  which  flows  like  molasses  and  was 
said  in  Europe  to  jjroduce  a  better  asjjhalt  than  that  made  with  still 
bottoms.  He  did  not  know  until  recently  that  the  California  bitumen 
with  maltha  had  been  used  practically  and  commercially  in  this  coun- 
try for  paving  streets. 

Boiling  the  asphalt  to  drive  off  the  lighter  oils,  while  it  will  un- 
doubtedly produce  a  harder  product,  may  not  be  as  good  a  line  of 
experiment  as  adding  lime  dust.  Whether  the  asphalt  will  deform  or 
not  depends  upon  its  temperature;  if  cold  enough,  even  the  softest 
kinds  will  hold  their  position.  Exiieriments  made  by  the  speaker 
some  years  ago  showed  him,  so  far  as  they  went,  that  the  addition  of 
lime  dust,  or,  perhaps  better,  hydraulic  cement,  would  keep  any  mixt- 
ure of  asphalt  or  bitumen  from  losing  its  shape  more  successfully  than 
by  driving  oflf  the  lighter  oils. 
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Mr.  WHiinery.  Sa^itel  Whixeby,  M.Am.  Soc.  C.  E. — The  speaker  tliouglit  that 
there  might  be  a  danger  in  rock-fill  dams  of  the  loose  rock  settling 
awav  from  the  asphalt  lining  when  the  latter,  was  very  brittle,  thus 
breaking  the  water-tight  coating  and  possibly  leading  to  serious  leaks. 
A  large  number  of  tests  of  asjihaltic  mixtures  made  under  his  direc- 
tion indicate  that  had  the  author  mixed  with  the  asphalt  fi'om  10  to 
15%  of  very  finely  pulverized  limestone  or  clay,  the  strength  of  the 
concrete  would  have  been  increased  and  its  brittleness  greatly  de- 
creased. "When  asphalt  jDavements  were  first  begun  in  this  country, 
experiments  were  made  with  a  number  of  asjjhalts,  one  of  the  earliest 
being  a  nearly  pure  Cuban  bitumen.  It  was  found  in  practice  to 
make  a  very  brittle  pavement,  so  brittle  that  it  soon  disintegrated 
under  the  horses'  feet.  Further  trials  showed  that  the  Trinidad 
asphalt  is  very  well  suited  for  that  purpose,  its  superiority  being 
doubtless  due  to  some  extent  to  the  fact  that  it  contains  a  large  per- 
centage of  very  fine  silicious  and  aluminous  matter,  which  is  found 
verv  intimately  mixed  with  the  bitumen.  It  has  been  shown  by  labor- 
atorv  experiments  that  Cuban,  Bermudez  and  Californian  asphalts  in 
their  pure  states  are  exceedingly  brittle,  but  by  mixing  with  them  10 
to  15%"  of  powdered  limestone,  the  brittleness  and  the  tendency  to 
flow  or  creep  on  account  of  changes  in  tempei*ature  are  decreased. 

The  prejiaration  of  concrete  with  bituminous  cements  is  not  new, 
and  the  same  principles  apjily  to  it  as  to  the  making  of  hydraulic 
cement  concrete.  The  author  is  right  in  saying  that  it  is  desirable  to 
have  the  mass  as  nearly  solid  rock  as  possible.  The  fragments  of  rock 
should  be  of  different  sizes  so  that  the  smaller  will  drop  into  the  voids 
between  the  larger,  reducing  the  interstitial  space  as  much  as  possible, 
and  consequently  the  amount  of  asi)haltum  cement  required.  Con- 
crete of  this  character  has  been  made  for  street  foundations  for  a 
number  of  years  and  has  been  found  entirely  successful,  although 
for  that  xDurpose  not  so  large  a  proportion  of  bitumen  is  used  as  would 
be  necessary  were  it  desired  to  make  it  water-tight.  The  speaker 
regarded  its  expense  as  a  serious  matter  in  reservoir  construction. 
While  the  cost  of  this  lining,  15  cents  a  square  foot,  seems  compara- 
tively small,  it  amounts  to  over  ^12  a  cubic  yard.  Unless  ordinary 
puddling  were  very  diflficult  and  expensive  to  obtain,  it  is  a  question 
whether  an  equally  good  and  tight  dam  could  not  be  made  "w-ith 
a  clay  puddling  at  a  less  cost.  In  the  case  mentioned  in  the  paper  it 
seemed  that  the  material  for  making  a  water-tight  lining  on  the  inside 
of  the  dam  was  absolutely  unobtainable,  and  doubtless  the  construc- 
tion was  the  best  which  could  be  adopted  under  the  circumstances. 

W^ith  regard  to  the  use  of  maltlia  in  i)lace  of  i)etroleum  as  a  flux 
for  bitumen,  there  is  a  i)opular  but  erroneous  idea  held  by  many  jieople 
interested  in  the  sale  and  use  of  asphalts  that  California  maltha,  which 
is  a  thin  asphalt  of  about  the  consistency  of  tar,  is  a  much  better  ma- 
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terial  with  whicli  to  temper  and  soften  bitumen  than  petroleum.  The  Mr.  Wliinery. 
theory  is  that  since  asphalt  is  composed  of  two  substances,  petroline, 
which  is  readily  made  fluid,  and  asphaltine,  which  is  practically  brittle 
and  is  not  soluble  in  certain  solvents,  the  maltha  acts  as  a  solvent  for 
the  asjihaltine  and  converts  it  into  a  cement  equal  in  all  respects  to  the 
petroline.  Careful  experiments  in  the  laboratory  will  show  this  to  be 
entirely  incorrect.  Asphaltine  is  as  absolutely  insoluble  in  maltha  as 
it  is  in  water,  and  for  that  matter  it  is  insoluble  in  the  residue  of 
petroleum  stills. 

KoBERT  Cabtwright,  M.  Am.  Soc.  C.  E. — The  sj^eakerhad  seen30-in.  Mr.Cartwrlght 
riveted  pipe  in  Calif  ornia,  which  was  put  together  like  stove  pipe,  and, 
although  no  rivets  were  used  at  the  joints,  it  held  together,  even  when 
curves  were  turned.  One  of  these  jjipes  was  in  service  under  a  head 
of  about  1  000  ft.  The  sheets  were  ni  in.  thick  at  the  upj^er  end,  and 
gradually  increased  in  thickness  to  |  in.  at  the  bottom.  In  laying  such 
l^ipes  one  end  of  a  section  is  flared  a  little  by  hammering  so  as  to  form 
a  socket,  and  the  end  that  is  to  be  inserted  in  it  is  drawn  a  little  so  as 
just  to  enter  the  socket.  The  lengths  are  dipped  in  a  bath  of  asphaltum 
at  the  shop.  In  jointing  the  lengths  together  a  swab  dipped  in  petroleum 
or  maltha  is  wrapped  around  the  socket  and  then  fired.  The  heat  ex- 
pands the  metal,  the  male  end  of  the  next  pipe  is  then  inserted  in  the 
socket,  and  the  pipe  is  driven  home  with  a  maul  or  battering  ram.  The 
same  method  is  followed  in  turning  curves.  The  jointing  is  done  so 
that  the  longitudinal  seam  where  the  plate  laps  over  on  the  outside 
section  is  flush  against  the  seam  on  the  inside  section.  Such  pipes 
are  laid  with  the  male  end  wp  stream,  and  to  j^revent  leakage  earth  is 
dumped  into  the  water  that  passes  through  the  main  first.  This  earth 
collects  in  the  seams  and  joints,  and  is  forced  into  them  by  the  jiress- 
ure  of  the  water,  eventually  preventing  all  leakage. 

There  is  I'arely  any  provision  for  expansion  and  contraction  in 
these  pipes,  as  the  divergencies  from  a  straight  line  furnish  a  means  of 
comjiensating  for  such  changes  in  length.  The  sjjeaker  had  found  in 
his  own  practice  that  the  expansion  and  contraction  of  wrought-ii-on 
pipes  7  ft.  in  diameter  and  2U0  ft.  long  was  amply  provided  for  if  there 
was  an  elbow  somewhere  in  the  length.  At  Rochester,  for  examjjle,  he 
constructed  a  7-ft.  pipe  to  carry  water  under  a  head  of  93 J  ft. ;  in  spite 
of  the  fact  that  it  is  cooled  in  winter  to  the  temj^erature  of  anchor  ice, 
no  leakage  occurs,  owing  to  an  elbow  that  takes  up  the  exjjansion  and 
contraction. 

H.  D.  Bush,  M.  Am.  Soc.  C.  E. — During  the  years  1893  and  1894,  Mr.  Bush, 
while  the  speaker  was  employed  in  the  construction  of  the  Bull  Bun 
pipe  line  now  bringing  water  into  the  city  of  Portland,  Ore.,  four 
reservoirs,  one  high  service  and  one  low  service  for  each  side  of  the 
Willamette  River,  were  also  under  construction,  principally  in  excava- 
tion.    Three  of  them  were  lined  with  concrete  and  one  with  brick  laid 
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Mr.  Bush,  in  asplialt,  all  lining  being  afterward  covered  by  several  coats  of 
asjilialt.  Reservoirs  Nos.  3  and  4,  on  the  west  side  of  the  river,  were 
built  in  a  ravine,  the  hills  on  one  side  of  this  ravine  being  high  and  the 
ground  full  of  springs.  Some  movement  of  the  ground  in  Eeservoir 
No.  3  took  place  during  construction,  and  a  large  block  of  concrete 
was  placed  in  the  bottom  of  the  reservoir  to  act  by  its  weight  in  hold- 
ing the  bottom  of  the  slope  in  position. 

When  the  reservoirs  had  been  used  but  a  short  time,  leaks  were  dis- 
covered in  I^o.  3,  due  to  the  cracking  of  the  concrete  lining,  which 
allowed  the  water  to  escape  through  the  ground  around  one  end  of  the 
dam.  Tunnels  were  then  driven  into  the  hill  on  a  level  with  the 
bottom  of  the  reservoir  and  drain  pij)es  i^ut  in.  The  following 
extracts  from  letters  on  the  subject  from  Isaac  W.  Smith,  M.  Am.  Soc. 
C.  E. ,  chief  engineer  of  the  Portland  Water-Works,  and  D.  D.  Clarke, 
M.  Am.  Soc.  C.  E.,  principal  assistant  engineer,  were  presented: 

"  On  the  west  sides  of  Eeservoirs  3  and  4,  the  soil  back  of  the 
slopes  was  saturated  with  water  from  springs,  and  the  ci*ack  along  A  B 
(see  Fig.  1)  was  caused  by  an  inward  horizontal  movement  of  the  sur- 
face slopes,  together  with  the  pressure  of  the  berm 
and  parapet  wall.  I  send  you  a  memorandum  from 
Mr.  Clarke  in  relation  to  the  asjshalt  coating.  The 
asjjhalt  runs  when  too  soft,  and  cracks  with  the 
concrete  when  hard.  Small  'checks'  in  the  concrete 
are  tilled  with  asphalt  by  the  j^ressure  of  water,  but 
the  asphalt  breaks  and  is  forced  through  when  there  is  a  crack  through 
the  concrete  from  settlement  or  other  cause.  As  the  asphalt  does  not 
prevent  leakage  through  cracks  in  the  concrete  and  the  concrete  always 
cracks  on  the  slopes  and  bottom  of  reservoirs,  I  think  it  would  be  best 
to  place  the  asphalt  under  the  conci'ete  when  the  soil  is  solid  and  clay 
for  puddling  cannot  be  obtained.  "  Isaac  W.  Smith." 

"  The  first  coat  was  of  F  grade  Alcatraz  asphalt,  pxit  on  with 
brushes  or  mops  while  hot.  This  coat  was  about  -^\^  in.  thick.  After 
being  put  on,  it  was  smoothed  with  hot  irons,  which  reduced  its  thick- 
ness somewhat.     It  was  then  sj^rinkled  with  hot  sand. 

"  The  second  coat  was  usually  of  XXX  asphalt,  but  XXXX  grade 
was  used  on  a  portion  of  one  reservoir.  This  coat  was  ajiplied  hot  and 
was  from  i  to  i  in.  thick,  being  somewhat  thicker  on  the  bottom  than 
on  the  slopes,  and  was  not  ironed,  the  thickness  of  the  two  coats 
ranging  from  ,^„-  to  ^  in- 

"  Some  of  the  reservoirs  were  not  filled  at  once  after  the  asphalt 
coating  was  apjdied,  and  with  the  first  warm  days  that  followed  the 
asphalt  lining  1)egau  to  creep  or  wrinkle.  This  continued  until  the 
entire  surface  exposed  to  the  direct  rays  of  the  sun  assumed  a  rough 
or  wavy  aiij)earance. 

"  Later  in  the  season,  June  11th  and  26th,  1895,  tests  were  made  at 
Reservoirs  Nos.  1  and  2  which  showed  that  the  asphalt  coating  would 
soften  and  begin  to  creep  when  the  thermometer  indicated  90^  at  one 
point  and  82^  at  another.  Readings  were  taken  in  the  sun  on  the  face 
of  the  slope. 

"  On  the  slojies  of  all  the  reservoirs,  excejit  No.  1,  which  was  kept 
filled  with  water,  the  asjjhalt  wrinkled  badly,  numerous  places  1  sq.  ft. 
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in  area,  and  over,  being  almost  entirely  bare  of  all  asphalt  excepting  Mr.  Bush, 
jmrt  of  the  first  coat,  which  had  been  ironed  on. 

"  The  work  done  on  Reservoir  No.  3  during  August  and  September 
of  this  year,  1895.  consisted  of  a  single  coat  of  XXX  asphalt.  On  the 
slopes  it  was  aijplied  about  -rs  in.  thick  and  ^  in.  on  the  bottom.  That 
used  on  the  slopes  was  made  considerably  harder  than  the  coating  ap- 
jjlied  on  the  bottom.  In  a  few  places  two  coats  were  applied.  8o  far 
as  observed  this  work  has  shown  no  signs  of  wrinkling,  l)rit  the  single 
coat  did  not  prove  to  be  sufficient  to  protect  some  small  cracks  which 
have  since  appeared  in  the  concrete  lining.  These  cracks  were  small, 
but  a  second  coat  of  asphalt  should  have  been  applied  in  order  to 
properly  cover  them.  "  D.  D.  Clakke.  " 

It  seemed  to  the  speaker  that  the  asphalt  coating  as  first  i^ut  on  was 
too  thick  as  well  as  too  soft,  while  from  exposure  to  the  sun  during  an 
Oregon  winter  the  asphalt  ran  down  the  sloj^es  of  the  re.servoir  in 
wrinkles  or  folds. 

Rudolph  Hering,  M.  Am.  Soc.  C.  E. — In  the  use  of  asphalt  at  Babylon  Mr.  Hering. 
and  Nineveh,  about  4  000  years  ago,  it  was  employed  as  a  mortar,  and 
was  also  mixed  with  broken  bricks  and  stones  to  form  a  concrete,  in  a 
manner  somewhat  similar  to  that  described  in  the  j^aper.  Asj^halt  was 
used  in  Egyj^t,  particularly  in  Memphis,  for  keeping  moisture  out  of 
walls  and  basements.  In  a  German  pamphlet  published  in  the  early 
part  of  the  seventeenth  century,  mention  is  made  of  the  application  of 
this  material  for  various  industrial  purposes,  and  in  1692  large  quan- 
tities of  bituminous  rock  were  discovered  in  the  Val  de  Travers,  in  the 
canton  of  Neufchatel,  Switzerland.  The  first  practical  use  made  of 
asphalt  in  modern  times,  however,  was  by  a  Greek  physician.  Dr. 
Eyrinis,  who  had  been  requested  to  make  a  geological  examination  of 
parts  of  Switzerland  and  rediscovered  the  Val  de  Travers  beds.  He  also 
found  the  beds  at  Lobsann,  in  Alsace.  He  experimented  with  the  ma- 
terial, and  recommended  its  use  chiefly  where  its  water-tight  qualities 
might  be  utilized.  There  are  records  of  cisterns  16  to  20  ft.  in  diam- 
eter, which  were  laid  in  asphalt  and  retained  water  quite  successfully. 
Count  Buffon,  the  French  naturalist,  recommended  asphalt  to  be  used 
as  a  mortar  in  building  a  large  basin  in  the  Jardin  des  Plantes  in 
Paris,  and  some  40  years  later  he  wrote  that  it  had  remained  i:)erfectly 
water-tight.  »• 

The  Val  de  Travers  mines  were  again  neglected,  as  it  seemed  im- 
possi1)le  to  accomplish  as  much  with  the  material  as  had  been  exi^ected. 
In  1802  the  Seyssel  mines  were  discovered,  and  there  the  rock  was 
richer  in  bitumen.  They  were  not  worked  extensively  until  after  1832, 
when  Count  Sassenet  took  hold  of  them,  and  it  might  be  said  that  the 
modern  practical  utilization  of  asphalt  began  with  his  efforts.  He 
found  that  the  natural  rock  could  be  imin'oved  by  mixing  with  it  a 
natural  bitumen  or  maltha,  of  which  de^josits  were  found  in  the 
vicinity.  The  asphalt  mastic  made  in  this  way  has  since  then  been 
used  extensively  for  sidewalks  in  France. 
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Mr.  HerinK-  An  engineer  named  Merian,  located  at  the  Yal  de  Travers.  noticed  in 
1819  that  the  pieces  of  rock  which  fell  from  the  carts  into  the  ruts 
were  compressed  and  formed  a  substantial  roadway.  This  is  said  to 
have  been  the  origin  of  the  use  of  rock  asphalt  for  paWng,  and  when 
the  speaker  visited  the  mines  a  few  years  ago,  this  old  roadway  was 
shown  to  him.  Mr.  Malo  developed  the  Seyssel  miaes  more  fully,  and, 
with  Mr.  Delano,  published  the  best  information  of  the  time  about  the 
industry,  especially  with  regard  to  road-making. 

In  18-t3,  asphalt  mines  were  discovered  at  Limmer  and  Vorwohle, 
near  Hanover,  Germany,  by  a  Mr.  Henning,  who  studied  the  applica- 
tions of  asphalt  and  -nTote.  as  the  speaker  believed,  the  first  treatise  on 
the  practical  use  of  asphalt  for  industrial  purposes.  The  German 
asphalt  contained  11%  of  pure  bitumen  at  that  time,  while  the  Val  de 
Travers  and  Seyssel  asphalt  contained  only  8  to  12  per  cent.  Mr. 
Henning  recommended  employing  asphalt  to  make  cisterns  water- 
tight, and  advised  placing  it  as  a  filling  between  two  masonry  walls. 
He  stated  that  it  is  an  excellent  material  with  which  to  cover  inclined 
surfaces  and  protect  them  from  the  penetration  of  water,  and,  if  but  one 
coating  is  put  on,  he  recommended  using  some  textile  fabric  of  hemp 
or  linen  as  a  foundation  to  keep  the  asphalt  from  crawling,  omitting 
the  fabric  if  two  coats  are  employed.  He  stated  further  that  sand 
should  always  be  rubbed  cm  the  asj^halt  surfaces,  not  only  to  increase 
the  stiffness  of  the  material,  but  also  to  give  it  a  lighter  color,  which 
reduces  the  absorption  of  heat  and  consequently  the  flowing  or  crawl- 
ing of  the  asphalt.  He  even  recommended  a  coat  of  whitewash  to  pre- 
vent this  creejjing 

Mr.  Henning  also  stated  that  the  best  asphalt  will  lose  its  oOy  sub- 
stance in  time,  and  recommended  that  the  surfaces  should  be  painted 
with  hot  maltha  every  eight  to  ten  years.  He  wrote  that  vertical  walls 
can  be  coated  with  asphalt  to  protect  them  against  moisture,  and  said 
that  this  should  be  used  in  the  form  of  pure  mastic  or  bitumen,  with- 
out any  sand.  For  application  to  reservoirs,  he  preferred  two  thin 
coats  of  maltha  to  a  thicker  one. 

Subsequently  there  came  into  general  notice  the  Trinidad  asphalt, 
which  has  a  comparatively  high  percentage  of  bitumen,  then  the  Ber- 
mudez  asphalt,  and  finally  the  Alcatraz  asphalt.  The  Bermudez 
as]>halt  is  said  to  be  richer  and  to  retain  its  volatile  oils  longer  than 
that  from  Trinidad.  The  Alcatraz  mines  are  located  near  Santa  Bar- 
bara, Cal.  From  one  of  them.  Las  Conchas,  a  very  high  grade  of 
bitumen  mixed  with  fine  sea  sand  is  obtained,  while  at  another  mine. 
La  Patera,  a  rock  asphalt  is  found.  For  practical  purposes  in  Cali- 
fornia, a  mixture  of  the  two  has  generally  been  used. 

In  a  paper*  presented  to  the  Institution  of  Civil  Engineers,  Mr. 

•"TtaeCaeof  An>b*lt  In  Irrigation  Works  in  CallfornU,"  Prooudingt  of  the  Inttitation 
of  Ciril  Engineer*,  Vol.  CX,  p.  3M. 
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Gervaise  Purcell  recommended  a  reserToir  lining  of  three  parts  of  gravel  Mr.  Hering. 
and  one  part  of  sand,  to  "wliicli  10"o  of  asphalt  mastic  has  been  added. 
He  heated  the  gravel  and  sand  in  a  horizontal  cylinder  to  a  tempera- 
ture of  310-  Fahr. ,  added  the  asphalt  at  a  slightly  lower  temperature, 
and  then  turned  the  whole  mass  over  so  that  the  materials  were  thor- 
oughly mixed.  The  mixture  was  tanaped  against  the  slope  and  not 
rolled,  because  the  rolling  was  said  not  to  compress  the  material  suffi- 
ciently to  remove  all  the  interstices.  The  speaker  i:)referred  the  use  of 
crushed  rock  to  gravel,  as  the  concrete  prepared  with  it  would  be  less 
likely  to  move  down  the  slope. 

At  Portland,  Ore. ,  he  had  examined  three  reservoirs  having  thin 
coats  of  asphalt  on  their  slopes,  and  one  reservoir  on  which  the  slopes 
were  paved  with  two  courses  of  brick  dipped  in  asphalt.  The  asphalt 
coatings  had  slij^ped  and  crawled  on  the  slopes,  as  shown  in  Plate  I,  Fig. 
1,  but  in  no  case  had  they  entirely  left  the  surface  of  Portland  cement 
concrete  upon  which  they  had  been  placed.  The  as^jhalt  was  applied 
in  two  coats,  and  it  was  intended  to  make  the  second  a  little  harder 
than  the  first  ;  but  on  account  of  bad  weather  this  had  not  been  done, 
and  the  crawling  is  attributed  principally  to  this  fact.  In  order  to 
make  the  asphalt  adhere  to  the  concrete,  it  was  found  necessary  to 
apply  the  first  coat  very  soft,  mixed  in  the  proportion  of  one  part  of 
a.sphalt  to  two  and  a  half  or  three  jjarts  of  gasolene,  and  recent  experi- 
ments at  Philadelphia  confirmed  this  practice.  The  speaker  exhibited 
a  specimen  of  asjjhalt  lining  which  had  adhered  so  strongly  to  the 
concrete  that  it  had  pulled  off  the  cement  surface  when  removed. 

The  asphalt  lining  of  the  Denver  reservoirs*  was  stated  to  have 
been  unsuccessful.  The  material  was  softer  than  when  first  laid,  and 
had  shrunk  and  cracked  seriously  where  not  exposed  to  the  water. 
Much  of  it  had  crawled  down  the  sloj^e,  as  shown  in  Plate  I,  Fig.  2,  even 
when  under  water.  It  was  said  that  if  there  was  any  diff'erence  at  all 
in  the  condition  of  the  linings,  that  made  with  Alcatraz  asphalt  was 
superior  to  that  made  of  Trinidad  asj^halt.  The  speaker's  observa- 
tions and  inquiries  led  him  to  believe  that  the  best  method  of  apply- 
ing asphalt  for  reservoir  linings  was  either  to  have  upon  a  concrete 
surface  the  thinnest  practicable  coat  of  asjjhalt,  free  from  sand,  or  to 
use  an  asj^halt  concrete,  as  described  in  the  jjaper. 

John  C  Trautwine,  Jr.,  Assoc.  Am.  Soc.  C.  E. — Asjihalt  was  used  Mr.Trautwine. 
in  making  repairs  to  the  Queen  Lane  Reservoir  of  the  Philadelphia 
Water- Works,  which  leaked  so  badly  when  partly  full  that  it  had  never 
been  filled  entirely.  The  reservoir  consists  of  a  north  and  a  south 
basin,  jjartly  in  excavation  and  partly  in  embankment,  the  bottom  of 
the  basins- being  at  an  elevation  of  208.33  ft.  above  the  city  datum, 
and  the  intended  elevation  of  the  water  surface  238.33  ft.  The  bottom 
and  slopes  of  the  reservoir  are  lined  with  2  ft.  of  somewhat  micaceous 

♦  See  the  Trantactions  of  the  American  Society  ol  Civil  EDgineere,  Vol.  XXVII,  p.  62t>. 
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Mr.  Trautwine.  clay,  obtained  in  the  neighborhood,  which  -^y^s  well  rammed,  and 
ought  to  have  held  water  when  the  reservoir  was  filled  to  the  moderate 
depth  of  10  ft.,  to  which  it  was  subjected  before  the  repairs  were 
begnn.  The  clay  on  the  sides  is  covered  with  concrete  slabs  10  ft. 
wide,  12  ins.  thick  at  the  bottom,  6  ins.  thick  at  the  top,  and  running 
from  the  top  to  the  foot  of  the  slope.  The  first  slabs  were  laid  with 
10-ft.  spaces,  which  were  afterward  filled  with  similar  slabs,  and  it 
seemed  to  the  speaker  that  the  cement  used  for  the  surface  finish  must 
have  varied  in  quality,  as  the  slopes  appear  under  certain  atmospheric 
conditions  to  have  alternate  light  and  dark  bands.  The  clay  on  the 
bottom  is  overlaid  by  a  concrete  floor  4  ins.  thick,  the  edges  of  which 
overlap  the  foot  of  the  sloi^e. 


The  concrete  slabs  on  the  slopes  cracked  across  in  nearly  continuoufr 
lines  at  heights  of  about  5  and  10  ft.  above  the  bottom,  except  on  a 
IJortion  of  the  slope  which  formed  a  reversed  curve.  Before  the  re- 
pairs were  made,  the  rain  that  fell  on  the  surface  of  this  concrete  was 
fed  by  the  horizontal  cracks  into  the  longitudinal  joints  between  the 
slabs,  and  passed  through  these  to  the  clay  below.  The  clay  was 
softened  and  washed  away  to  some  extent,  especially  near  the  foot  of 
the  slopes.  Many  of  the  slabs  which  were  thus  left  unsupported  at 
the  lower  i)ortion  of  their  lengtli  yielded  somewhat  under  the  weight 
of  10  ft.  of  water  over  them,  and  their  lower  edges  were  pressed  down 
so  as  to  leave  a  space  between  them  and  the  concrete  floor,  amounting 
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in  some  eases  to  1  in.  Through  this  space  the  water  was  seen  escap-  Mr.Tiautwine. 
ing  freely,  even  when  its  depth  was  such  as  barely  to  cover  the  space. 
In  some  cases  the  rain  water  passed  down  the  slope  between  the  con- 
crete and  clay,  carrying  portions  of  the  latter  with  it,  and  came  tip 
between  the  sloj^es  and  the  floor,  leaving  small  mounds  of  clay  -ndthin 
the  reservoir. 

The  repairs  were  made  by  constructing  a  concrete  wall  under  the 
foot  of  the  slope  of  one  basin,  and  by  closing  the  horizontal  cracks 
and  seams  and  the  joints  of  the  concrete  on  the  slopes  with  melted 
asjihalt.  which  was  also  used  in  closing  the  joints  and  larger  cracks  in 
the  floor. 

The  design  of  the  footing  wall  is  shown  in  J'ig.  2.  It  is  2  ft.  6  ins. 
wide,  and  runs  down  to  a  firm  foundation  on  the  underlying  stratum 
of  micaceous  rock,  which  becomes  more  or  less  decomposed  as  it  nears 
the  surface.  The  wall  is  about  3  600  ft.  long,  and  extends  entirely 
around  the  basin.  The  floor  was  oiiginally  almost  level,  its  inclination 
being  just  suflScient  to  insure  drainage.  In  the  new  construction,  it 
was  finished  with  a  curve  tangent  to  the  floor  and  the  slopes,  the  curved 
surface  being  finished  with  a  1-in.  coat  composed  of  equal  parts  of 
sand  and  cement.  The  small  triangle  above  the  concrete  was  tilled 
with  a  mixture  of  sand  and  asphalt.  In  building  the  wall  every  effort 
was  made  to  afford  a  support  to  the  foot  of  the  slope,  and  this  work 
was  made  easier  by  heavy  rains  which  fell  while  the  trench  was  open. 
These  undercut  the  concrete  slabs  to  some  extent,  and  it  was  necessary 
to  ram  the  concrete  with  an  imjjrovized  wooden  tool,  shaped  some- 
what like  an  adze  and  struck  with  a  sledge  while  held  against  the 
concrete  placed  under  the  toe  of  the  slope. 

The  asphalt  repairs  were  made  on  both  basins.  The  material  used 
was  composed  of  four  parts  of  Bermudez  asphalt  and  one  part  of  the 
liquid  or  F  grade  of  Alcatraz  asphalt.  These  were  melted  together  and 
poured  on  the  surface  to  be  treated,  which  had  been  jareviously  primed 
with  a  thin  coating  consisting  of  three  parts  of  the  F  gi-ade  of  Alcatraz 
asphalt  and  seven  parts  of  gasolene.  The  asphalt  was  only  partly  liquid, 
and  it  was  necessary  to  melt  it  before  it  could  be  dissolved  in  the 
gasolene. 

The  priming  coat  was  allowed  to  dry  thoroughly  before  the  asphalt 
was  applied  over  it,  in  order  that  all  the  gasolene  might  escape.  The 
use  of  this  priming  coat  was  found  to  be  of  the  utmost  importance. 
Asphalt  placed  on  it  adheres  quite  tenaciously,  while  if  api^lied 
directly  to  the  original  surface  of  the  cement  concrete,  it  breaks  oft" 
readily. 

The  horizontal  cracks  in  the  concrete  slabs  on  the  slojies  and  the 
seams  between  the  slabs  were  given  a  single  coat  of  the  melted  asphalt. 
At  the  outset,  the  seams  were  given  two  coats  of  asphalt  with  a  strip 
of  burlap  between  them,  but  this  plan  was  abandoned  on  account  of 
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Mr.Trautwine.  the  time  required  to  carry  it  out.  It  was  also  found  that  the  burlap, 
not  being  anchored  at  the  top,  had  a  tendeiicv  to  creep  down  the 
slopes  and  to  buckle  near  the  foot.  In  the  basin  where  the  footing 
wall  was  not  used,  the  melted  asphalt  was  applied  over  a  width  of 
about  1  ft.  on  the  slope  and  on  the  floor,  extending  each  way  from  the 
joint  between  them,  and  special  pains  were  taken  to  secure  a  consider- 
able thickness  of  the  asphalt  at  the  joint  itself.  In  the  second  basin, 
the  entire  surface  of  the  new  concrete  footing  wall  and  of  the  triangle 
of  asphalt  and  sand  about  it  was  covered  with  the  melted  asphalt, 
which  was  made  to  cover  all  the  joints  of  the  new  surface.  Two  or 
three  large  cracks  in  the  concrete  floor  of  each  basin  were  filled  care- 
fully -nith  asphalt  mixture.  As  it  was  necessary  to  have  the  cracks 
and  seams  in  the  slopes  closed  before  winter  set  in,  the  work  was  hur- 
ried and  carried  on  at  times  in  weather  which  it  was  feared  might 
prove  later  to  have  been  too  damp.  Two  methods  were  accordingly 
adopted  to  dry  the  concrete  locally.  The  fii'st  was  the  use  of  gasolene 
hand  torches,  and  the  second  was  the  use  of  gasoline  stoves,  such  as 
are  used  for  softening  asphalt  pavements  in  repairing  streets.  This 
type  of  stove  consists  of  a  sheet  iron  shield  or  reflector  placed  a  few 
inches  above  the  concrete  and  having  below  it  a  number  of  gasolene 
jets  or  burners. 

Before  the  repaii's  were  begun,  the  reservoir  lost  water  from  all 
causes  at  the  rate  of  about  0.4  in.  a  day  from  one  basin,  and  0.9  in. 
from  the  other,  under  a  head  of  5  ft.,  while  since  the  repairs,  the  total 
loss  under  the  same  head  amounts  to  from  0.1  to  0.25  in. 


CORRESPONDENCE. 


Mr.LcConte.  L-  J-  Le  Conte,  M.  Am.  Soc.  C.  E.  — Asphalt  lining  for  new  reser- 
voirs and  for  repairing  old  leaky  ones  has  been  in  use  for  many  years 
in  California  and  adjoining  States.  The  results  oVitained  so  far  are 
most  encouraging.  For  the  bottom  and  side-slopes  flatter  than  li  to 
1,  the  best  mixture  is  either  asphalt  mortar  or  asphalt  concrete.  It  is 
the  cheapest  and  best  lining,  and  there  is  no  danger  of  it  crawling 
down  the  slopes.  For  steeper  slopes  up  to  vertical  faces,  this  kind 
of  lining  has  been  tried  and  found  wanting  in  many  respects.  Under 
a  hot  summer  sum  it  will  creep  down  the  faces  in  spite  of  all  precau- 
tions. 

Steep  slopes  or  vertical  walls  are  now  coated  as  follows :  Firs/,  with  a 
cold  liquid  asphalt  paint,  which  has  great  jienetrating  and  adhesive  prop- 
erties, but  is  lacking  in  sun-proof  qualities;  second,  with  a  heavy  layer 
of  ordinary  burlap,  which  is  tightly  stretched  and  pressed  into  this 
liquid  asphalt  paint;  third,  with  u  heavy  outside  coat  of  hard  asphalt 
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paint,  put  on  boiling  hot.     This  constitutes  the  weather  coat,  and  is  Mr.  Le  Conte. 

hard,  tough  and  resists  the  hot  summer  sun  admirably.     Wherever 

this  lining  has  been  used,  no  signs  of  creeping  have  developed,  even 

on  smooth  vertical  faces.     Hard  asphalt  paint  is  lacking  in  adhesive 

qualities,  and  consequentlv  cannot  be  placed  directly  on  the  slopes. 

The  contract  price  for  this  lining  has  varied  from  12  to  16  cents  per 

square  foot,  depending  upon  local  conditions. 

Dry-stone  dams  have  been  in  use  in  California  for  storage  purposes, 
in  mining  districts,  during  the  past  30  to  35  years.  A  sketch  of  the 
characteristic  section  is  shown  in  Fig.  3.  These  dams  require  about 
three  times  the  cubical  quantity  of  stone  which  would  be  called  for  in 
a  properly  designed  masonry  dam,  but  the  first  cost,  S2  to  .S3  a  cubic 
yard  in  place,  is  so  low  that  in  many  places  they  have  jjerformed  a 


most  useful  purpose.  These  dams  are  lined  on  the  water  side  with 
3-in.  plank,  sometimes  with  two  thicknesses.  The  foundation  in  all 
cases  is  solid  rock  free  from  fissures. 

While  it  is  proper  to  give  these  dams  full  credit  for  all  past  and 
present  usefulness  yet  it  is  hardly  right  to  call  them  perfectly  safe 
and  permanent.  Past  experience  shows  clearly  that  whenever  a  serious 
leak  develops,  or  should  the  dam  be  overtopped  by  flood  waters,  the 
dry-stone  structure  will  be  literally  blown  away,  like  chaff  before  the 
wind.  After  the  failure  of  the  English  dam  on  Yuba  Eirer,  in  Cali- 
fornia, in  June,  1883,  not  a  vestige  of  stone  was  found  for  a  distance  of 
1  500  ft.  below  the  site  of  the  dam,  and  all  large  stones  used  in  con- 
struction, each  weighing  several  tons,  had  disappeared  entirely;  prob- 
ably tbey  were  ground  into  smaller  fragments.* 

♦  See  tbe  Trantadiont  of  tbe  Technical  Society  of  the  Pacific  Coast,  Vol.  II,  p.  3. 
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Mr.  Le  Conte.  The  author's  suggestion  of  substituting  asphalt  concrete  in  place  of 
the  wooden  planking  as  a  water-tight  lining  iot  the  up-stream  face  of 
the  dam  seems  to  be  reasonable,  but  experience  alone  can  determine 
whether  it  is  better  construction.  This  type  of  dam  is  eminently- 
suitable  for  large  storage  reservoirs  in  remote  districts  where  civ- 
ilization IS  not  likely  to  encroach  upon  the  valley  below  the  site. 
They  are  cheap,  practical  and  within  certain  limits  reasonably  safe, 
but  like  earth  dams  they  require  constant  supervision  and  quick 
attention. 
Mr.  Davis.  A.  P.  Davis,  Assoc.  M.  Am.  Soc.  C.  E. — In  189-i  the  wi-iter  was  as- 
sociated in  the  formiilation  of  plans  for  a  large  irrigation  systerft  in 
California,  in  which  canal  velocities  of  from  8  to  12  ft.  per  second 
were  required,  and  it  was  decided  to  line  the  canals  with  concrete, 
composed  of  sand,  broken  stone,  and  sufficient  asphalt  of  high  grade 
to  form  a  good  bond.  It  is  gratifying  to  find  that  the  author's  experi- 
ence so  emphatically  vindicates  that  decision.  The  side  slopes  of  the 
canal  were  to  be  1  to  1.  In  the  same  i>roject  were  included  the  plans 
for  a  rock-fill  dam  120  ft.  in  height.  The  construction  here  recoin- 
mended  was  similar  to  that  described  in  the  paper,  except  that  the 
water-tight  face  of  the  dam  was  to  be  a  double  floor  of  redwood, 
fastened  to  timbers  built  in  the  rock  and  properly  calked.  An  asphalt 
concrete  facing  was  carefully  considered,  but  reluctantly  abandoned, 
for  the  following  reasons  : 

In  the  absence  of  satisfactory  evidence  to  the  contrary,  it  was 
thought  that  a  sheet  of  asphalt  concrete  of  such  magnitude  would  be 
sure  to  creep  sufficiently  to  impair  its  efficiency  seriously,  unless  the 
slope  were  made  so  much  flatter  than  demanded  for  a  timber  face  as  to 
enhance  greatly  the  cost  of  the  rockwork,  and,  even  then,  the  cost  of 
repairs,  owing  to  the  difficulty  of  access  to  the  site  of  the  dam,  would 
be  so  great  as  to  render  new  experiments  rather  hazardous.  It  is  to 
be  regretted  that  the  author  omits  to  state  the  slope  on  which  he  ex- 
pected his  "outside  core"  to  stand  without  creeping,  and  on  what 
experiments  he  based  his  expectation.  It  would  seem  that  liis  recom- 
mendation of  1  ft.  thickness  is  excessive,  and  tends  to  increase  the 
danger  of  creejnng,  by  removing  a  jjart  of  the  load  a  greater  distance 
from  its  bond  with  the  rough  rock  face. 

This  is  an  important  question  in  the  arid  southwest,  and  further 
light  on  the  subject  is  badly  needed,  especially  as  to  the  greatest  slope 
at  which  it  is  pos.sible  to  2)lace  this  concrete  safely  without  impair- 
ing its  adai)tability  to  the  settlement  of  its  backing.  As  to  the  (>xact 
comjiositiou  of  the  concrete,  and  the  time  and  method  of  cooking,  it 
would  seem  to  be  necessary  to  make  experiments  for  each  individual 
structure,  and  even  for  each  consignment  of  asj^halt,  as  the  com- 
position and  physical  properties  of  even  the  best  asi)halts  vary 
somewhat. 
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Egbert  A.  CuiiMrNGs,  Assoc.  M.  Am.  Soc.  C.  E. — In  i^reparing  the  Mr.  Cummings. 
design  for  the  floor  of  a  large  dry  dock,  where  a  strong  and  impervious 
but  inexpensive  construction  was  required,  the  writer  contemjilated 
using  an  asphaltic  concrete  floor  as  shown  in  Fig.  4.  No  data  was  at 
hand  concerning  the  strength  of  such  a  concrete  to  resist  the  hydrostatic 
l?ressure,  or  how  it  would  act  as  a  monolith  under  temperature  stress, 
or  what  its  length  of  service  would  be  when  alternately  wet  and  dry. 
It  was  assumed  that  the  flexibility  of  an  asphaltic  concrete  was  greater 
than  that  of  cement  concrete,  and  that  this  would  render  it  less  liable 
to  crack  where  it  was  attached  to  the  piles  and  timber  framing.  It  also 
ajjpeared  to  have  other  recommendations  suggesting  its  suitability 
for  a  dry-dock  floor. 

The  design,  however,  was  modified  as  shown  in  Fig.  5.  In  this 
case  relief  from  hydrostatic  pressure  is  partly  obtained  by  drainage 
through  the  rip-rap  and  broken  stone  foundation  of  the  floor. 

The  tops  of  the  piles  and  timber  framing  are  flush  with  the  top  of 
the  broken  stone.     Over  the  top  of  the  broken  stone,  j^iles,  and  timber 
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framing,  is  laid  a  No.  6  steel  wire  netting  with  6-in.  meshes.  This  netting 
has  been  previously  dipped  in  boiled  coal  tar.  It  is  then  securely 
fastened  by  stajiles  to  the  piles  and  timber  framing.  The  netting  is 
introduced  to  add  strength  and  to  act  as  a  binder  to  the  asjihalt  finish- 
ing course  above. 

The  specifications  of  the  asj^halt  finishing  course  are  the  same  as 
are  used  for  ordinary  street  jiaving.  The  writer  believes  that  this  floor 
admits  of  beitig  modified  to  suit  the  lining  of  reservoirs.  He  desires 
to  ask  what  is  the  efifect  of  sea  water  and  brackish  water  ui^on  asphaltic 
compositions.  He  also  inquires  what  is  the  condition  of  asi>halt  linings 
at  the  water  line  in  reservoirs  after  two  or  three  years'  service,  also 
what  is  their  durability. 

HoBEKT  Bkewstee  Stanton,  M.  Am.  Soc.  C.  E. — Before  considering  Mr.  Stanton, 
some  of  the  points  brought  out  in  the  discussion  of  his  paper,  the 
author  desires  to  state  that  it  was  not  his  intention  to  claim  as  original 
or  even  new  either  a  rock-fill  dam  or  an  asphalt  lining  for  reservoirs; 
but  if  there  was  anything  really  new  in  his  suggestions  it  was  the 
combination  of  the  several  items  for  storage  reservoir  dams,  and  especi- 
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Mr.  Stanton,  ally  tlie  use  of  a  true  asphalt  concrete,  which  it  was  believed  had  never 
before  been  used  for  such  purposes.  It  is  certainly  of  advantage  to 
have  drawn  out  some  information  from  the  experience  of  other  engi- 
neers and  such  historical  facts  as  given  by  Mr.  Hering.  It  is  to  be  re- 
gretted, however,  that  others  have  not  given  facts  and  data  in  their 
possession  for  the  benefit  of  the  Society. 

A  number  of  members  and  others  during  the  past  few  years  have 
made  extensive  and  valuable  experiments  in  the  use  of  asphalt  (especi- 
ally in  the  amount  and  jiroi^ortion  necessary  for  a  perfect  mixture)  and 
also  in  the  construction  of  modern  rock-fill  dams.  The  author  per- 
sonally requested  several  of  them  to  give  their  data  and  experience  in 
the  disciission  of  this  paper,  and  regrets  exceedingly  they  have  not 
been  able  to  do  so. 

Mr.  Bering's  historical  facts  are  both  interesting  and  instructive, 
It  is  very  gratifying  to  learn  that  the  large  basin  in  the  Jardin  des 
Plantes  in  Paris,  built  with  asphalt,  "had  remained  perfectly  water- 
tight for  40  years,"  and,  if  the  opinion  quoted  from  Mr.  Henning  be 
correct,  that  the  best  asjihalt  will  lose  its  oily  substance  in  time,  and 
should  l)e  painted  with  hot  maltha  every  8  or  10  years,  it  is  a  strong 
argument  for  the  outside  core  suggested  in  the  paper. 

One  of  the  most  remarkable  uses  of  asphalt  for  the  core  of  a  dam  is 
in  the  work  described  by  Mr.  Skinner,  in  the  discussion  of  Mr.  Van 
Buren's  paper  on  "  High  Masonry  Dams."*  The  author  very  recently 
visited  and  carefully  examined  the  dam  there  referred  to,  then  being 
built  in  Southern  California.  It  is  not  the  intention  to  discuss  that 
work,  except  so  far  as  the  asphalt  used  forms  the  entire  effective  core  of 
the  dam,  and  shows  most  questionable  engineering  practice.  As 
described  by  Mr.  Skinner,  this  dam  is  a  loose  rock-fill  dam,  and  when 
completed  will  be  130  ft.  in  height.  In  the  center  of  this  is  placed  a 
core  "of  thin  riveted  steel  plates  from  No.  0  to  No.  3  Birmingham 
gauge.  As  each  course  of  jjlates  is  calked  and  completed  it  is  coated 
with  a  special  preparation  of  asphalt  (pure,  soft  Alcatraz  asphalt). 
Burlap  is  then  placed  over  the  top  edge  and  on  each  side  of  the 
steel,  and  a  coat  of  (pure,  hard  Alcatraz)  asphalt  put  over  it,  making 
two  coats  on  each  side  of  the  plates.  On  each  side  of  the  web  built  up 
in  this  manner  is  a  24-in.  (to  a  12-iu.;  hydraulic  cement  concrete  wall," 
with  the  rock-fill  dam  built  against  it.  This  is  called  a  steel  core,  but 
looking  at  this  dam  as  a  ]jermanent  structure  (and  it  certainly  should 
be  permanent,  built  as  it  is  at  the  head  of  a  large  agricultural  valley, 
and  for  the  purpose  of  supplying  water  to  a  future  large  city)  it  is, 
more  properly  8i)eaking,  an  asi)halt  core,  for  the  following  reasons  : 

The  concrete  walls  on  either  side  of  the  steel  can  in  no  way  be  de- 
pended upon  as  })art  of  a  water-tight  core,  subject  as  they  are  to  the 
strains  from  the  settling  of  such  a  rock-fill  dam,  and  being  in  an  earth- 

*9«e  the  Trantaelumt  of  the  American  Society  Civil  Engineers,  Vol.  XXXIV,  p.  50<S. 
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quake  coiintry.  This  concrete  is  placed  in  the  manner  and  position  Mr.  Stanton. 
where  it  is,  simply  to  protect  the  asphalt  from  injury  by  the  filling  in 
and  settling  of  the  rock  against  it.  The  steel  itself,  with  the  water  in 
contact  with  it  (without  the  asphalt),  would  have  but  a  limited  life, 
especially  in  consideration  of  the  nature  of  the  soil  and  Tater  in  South- 
ern California,  from  7  to  10  years  at  the  most.  Hence,  as  a  perma- 
nent structure,  the  water-tight  core  of  this  dam  consists  of  a  sheet 
of  asphalt  and  burlap,  say  J  in.  in  thickness,  standing  vertically  in  the 
center  of  a  rock-fill  dam,  this  sheet  of  asphalt  being  supported  in  place 
by  steel  j^lates. 

The  engineering  defects  of  constructing  an  asphalt  corein this  man- 
ner  are: 

First. — The  entire  want  of  certainty  in  the  permanence  (beyond  a 
few  years)  of  such  a  thin  sheet  of  asphalt  in  a  vertical  position  in  a 
loose  rock-fill  dam. 

Seccmd. — The  placing  of  such  a  core,  both  steel  and  asphalt,  where, 
financially  speaking,  it  is  beyond  the  possibility  of  being  repaired. 

Third. — The  absurdly  excessive  first  cost  of  such  a  core,  which  cost, 
to  the  present  time,  has  been  more  than  five  times  what  it  would  have 
been  to  put  on  an  asphalt  concrete  face,  such  as  suggested  in  the  paper. 
It  is  gratifying  to  state  that  the  engineer  in  charge  of  this  work  is  not 
resi^onsible  for  the  defects  of  plan  or  the  great  cost  of  the  work.  This 
belongs  to  the  in-esident  of  the  comiiany,  but  in  the  execution  of  the 
details,  the  engineer  has  shown  marked  ability  and  a  conscientious 
painstaking  which  cannot  be  too  highly  praised. 

There  are  three  points  in  the  discussion  that  seem  to  require  notice. 

First. — The  nature  and  proportions  of  the  concrete  used.  The 
author  regrets,  as  stated  in  the  pajier,  that  he  cannot  give  more  detailed 
data.  From  some  statements  made  by  members  of  the  Society  in  this 
discussion,  he  is  more  than  convinced  that  the  profession  is  in  need  of 
careful  experiments  and  well  kept  data  upon  this  subject.  The  fol- 
lowing quotations  illustrate  this  point. 

Mr.  North  "believed  that  whenever  there  is  any  clay  in  combina- 
tion Avith  as^ihalt  it  tends  to  i^roduce  disintegration." 

Mr.  Whinery  says  "  that  had  the  author  mixed  with  the  asphalt  10 
to  \h%  of  pulverized  limestone  or  clay,  the  strength  of  the  concrete 
would  have  been  increased." 

Mr.  North  says  "that  the  addition  of  lime  dust  or,  perhaps  better, 
hydraulic  cement  would  keep  any  mixture  of  asjjhalt  or  bitumen  from 
losing  its  shape,"  etc. 

Mr.  Henry  says  that  from  experiments  made,  "it  is  uncertain 
whether  there  is  any  advantage  in  such  a  practice,"  that  is,  in  adding 
cement. 

The  author  does  not  presume  to  decide  between  such  authorities, 
but  does  exjjress  the  hope  that  much  more  definite  and  reliable  data 
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Mr.  stantou.  from  actual  work  or  experiments  will  be  given  the  Society,  and  as  a 
contribution  toward  this  he  submits  his  work  with  a  test  of  two  and  a 
half  years. 

/Seco^i*/.— Permanence.  Mr.  Le  Conte  thinks  the  author  claims  too 
much  for  the  permanence  of  the  methods  suggested.  What  he  says  as 
to  the  power  of  water  in  washing  away  great  bowlders  of  several  tons' 
weight  is  of  course  correct. 

The  iDossibility  of  such  a  contingency  as  the  stream  overflowing  a 
rock-fill  dam  is  not  to  be  considered.  Means  to  prevent  this  posi- 
tively should  be  one  of  the  first  jjrovisions  in  the  plan.  The  construc- 
tion of  an  earth  dam  like  that  across  the  Pecos  River  above  Eddy,  New 
Mexico,  which  the  author  visited  last  summer,  where  a  lake  is  formed 
covering  8  331  acres,  and  containing  45  000  000  000  galls,  of  water, 
would  be  worse  than  a  mistake,  it  would  be  a  crime,  except  for  the 
waste  ways  i^rovided  above  the  dam,  with  an  aggregate  cross-section 
area  ten  times  that  of  the  dam  and  10  ft.  below  its  crest. 

The  following  facts  may  throw  some  light  upon  the  permanence 
of  asphalt  concrete.  In  connecting  the  bed-rock  cut  with  the  sluice 
of  the  hydraulic  mine,  described  in  the  i^aper,  the  space  A  (Fig.  6  ), 
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FIG.  6.  Fig.  7. 

between  the  bed-rock  and  the  timbers  of  the  sluice,  was  filled  with 
asphalt  concrete.  Over  this  in  a  short  time  was  run  thoiasand  of  tons 
of  water  mixed  with  sand,  gravel  and  sharj)  broken  rock  during  the 
process  of  hydraulicking. 

This  work  had  no  perceptible  effect  upon  the  asphalt  concrete, 
while  the  iron  in  the  bottom  of  the  sluice  was  cut  away,  and  the  solid 
granite  above  the  concrete  was  worn  down  to  a  dejjth  of  3  ft. ,  the  full 
width  of  the  cut  as  shown  at  B  in  Fig.  7.  Hence  it  is  claimed  that 
through  a  crack  or  a  hole  as  large  as  the  Avrist,  the  amount  of  water  in 
any  reservoir,  even  with  sand  or  gravel,  might  pass  without  any  en- 
largement of  the  crack  or  hole  in  the  asphalt,  or  any  danger  to  the  dam 
itself. 

The  thickness  of  1  ft.  of  concrete  was  suggested  to  provide  ample 
material  to  fill  up  the  unevenness  of  the  rock  slope,  and  the  3-in.  off- 
sets. From  4  to  6  ins.  of  asphalt  concrete  is  entirely  sufficient  as  a 
water-tight  material,  but  it  is  believed  that  a  thicker  coating  would 
cost  less  than  the  amount  necessary  to  form  a  smooth  surface  of  rock 
or  cement  concrete  to  i)lace  the  asphalt  upon,  and  a  broken  stone 
asphalt  concrete  projierly  formed  and  ajjijlied  will  not  creej). 
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Third. — Definite  figures  have  been  asked  for  as  to  cost  of  rock-fill  Mr.  Stanton, 
dams.  The  prices  given  by  Mr.  Le  Conte  of  82  to  $3  per  cubic  yard 
must  have  been  of  those  dams  built  30  to  35  years  ago  to  which  he 
refers.  The  following  figures  are  of  a  recently  constructed  dam  in 
Southern  California  where  modern  machinery  and  jjowder  were  used 
to  do  the  work,  and  are  correct  and  reliable. 

Datri. — Common  labor  cost  81  75  per  day.  Coal  cost  810  per  ton. 
The  i?lant  consisted  of  one  Lidgerwood  cableway  with  three  derricks 
on  the  dam  for  distributing  and  placing  rock.  Quarrying  was  done  by 
exjiloding  several  tons  of  powder  in  drifts  and  shafts,  thus  breaking 
up  from  25  000  to  30  000  cu.  yds.  of  rock  by  one  shot.  The  total 
amount  of  rock  in  the  dam  was  about  120  000  cu.  yds.  The  first  cost 
of  the  plant  was  $12  000  in  round  figures.  The  cost  of  the  rock  in  jjlace 
was  as  follows  : 

Quarrying  rock 6  cents  per  cubic  yard. 

Loading  buckets  (by  hand),  includ- 
ing   breaking    larger    rock   with 

powder 20  "                " 

Hoisting  and  conveying  rock 6  "                " 

■  Placing  rock  on  dam 3  "                " 

Cost  of  plant; 10  " 

Total 45     " 

This  includes  all  repairs,  and  the  total  destruction  of  the  whole 
plant  in  this  one  piece  of  work. 

There  are  local  conditions  at  this  particular  point  where,  if  proper 
forethought  had'been  used,  this  price  could  have  been  reduced  at  least  5 
cents  per  cubic  yard,  and  whatever  value  there  may  be  at  the  conclusion 
of  the  work  in  the  cableway,  the  boilers,  engines,  etc.,  would  still  fur- 
ther reduce  the  cost  i^er  cubic  yard.  The  engineer  who  has  so  success- 
fully carried  on  this  work,  under  some  very  trying  conditions,  deserves 
the  greatest  jjraise  for  the  skill,  thoroughness  and  economy  with  which 
he  has  executed  it. 

The  author  is  aware  that  there  are  places  where  rock-fill  dams 
might  be  advisable,  where  these  figures  would  be  far  too  low,  and  yet 
he  is  also  acquainted  with  valuable  reservoir  sites  where  rock-fill  dams 
can  be  built  (not  including  prejiaration  of  foundation)  for  35  cents  per 
cubic  yard,  with  the  asphalt  concrete  face  or  outer  core  not  to  exceed 
20  cents  per  square  foot.  Even  with  the  extra  large  cross-section 
necessary  it  would  appear  that  in  the  section  of  the  great  arid  West  espe- 
cially referred  to  in  the  pa2)er,  if  not  elsewhere,  this  mode  of  building 
storage  reservoirs  would  be  both  economical  and  permanent,  when 
properly  planned  and  executed. 
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COST  OF  SEWER  CONSTRUCTION,  DENVER,  COLO. 
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WITH  DISCUSSION. 


The  city  of  Denver,  Colo.,  containing  with  its  suburbs  some 
130  000  or  more  people,  is  built  on  both  banks  of  the  South  Platte 
River,  the  course  of  which  is  here  approximately  northeast.  The 
main  portion  of  the  city  is  on  the  south  side  of  the  river.  The  sewer- 
age system  has  grown  with  the  town,  all  sewage  being  discharged  into 
the  channel  of  the  South  Platte  River.  Reference  to  the  map  (Fig.  1) 
will  show  that  jjrior  to  the  construction  of  the  intercepting  sewer  below 
Twenty-sixth  Street  house  sewage  from  the  south  was  discharged  into 
the  river  at  Thirty-sixth  Street  by  the  Downing  Avenue  sewer,  at 
Thirty-first  Street  by  the  Thirty-first  Street  sewer,  and  at  Thirty- 
fourth  Street  by  a  wooden  box  from  Twenty-sixth  Street,  not  shown 
on  the  map.  Both  Downing  Avenue  and  Thirty-first  Street  delivered 
small  quantities  of  sewage,  the  main  body  coming  from  the  Delgany 
Street  sewer,  the  end  of  which  was  at  Twenty-sixth  Street.  Here  some 
30  second-feet  of  sewage,  plus  a  large  amount  of  storm  water  during 
Bhort  periods  of  time,  had  to  be  taken  care  of. 
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During  the  early  spring  of  1894  Mr.  E.  P.  Martin,  Chief  Engineer 
of  the  Board  of  Public  Works,  designed  an  extension  of  the  Delgany 
Street  sewer  (see  Fig.  1)  to  serve  as  a  main  intercepting  sewer,  cai-ry- 
ing  all  sewage  from  the  south  down  the  river  to  the  outskirts  of  the 
city,  and  to  be  built  on  such  a  gradient  as  to  eventually  reach  the 
surface  of  the  ground,  some  3  miles  below  Twenty-sixth  Street,  at 
which  point  the  sewage  would  become  available  for  irrigation  and  be 
kept  from  the  channel  of  the  river.  This  ultimate  disposal  of  the 
sewage  is  rendered  necessary  from  the  fact  that  practically  the  whole 
summer  flow  of  the  river  is  taken  out  into  irrigation  ditches  above 
Denver,  and  the  channel  in  September  is  nearly  dry.  Sewage  collects 
on  sand  bars  and  becomes  a  menace  to  health. 

In  May,  1894,  the  Board  of  Public  Works,  consisting  of  Arthur  "C. 
Harris,  president,  T.  B.  Buchanan  and  C.  W.  Khodes,  determined  to 
build  some  8  300  ft.  of  the  Delgany  sewer  extension— as  much  as  the 
funds  at  their  disposal  justified— and  they  decided  to  do  the  work  by 
day  labor,  instead  of  by  contract. 

It  is  the  purpose  of  the  author  to  present  statements  of  actual  cost 
of  completed  work,  together  with  such  data  as  to  wages  paid,  cost  of 
materials  used,  etc.,  as  will  enable  members  to  compare  the  cost  of 
this  work  by  day  labor  with  contract  prices. 

The  drainage  areas  and  the  estimated  amounts  of  house  sewage 
and  storm  water  from  them  are  as  follows: 

HorsE  Sewage. 

'      Acres.      'second-feet. 


Above  Twenty-sixth  Street  in  main 6  200  7i.8 

Entering  at  Tweuty-sisfh  Street 320  |          3.7 

Entering  at  Thirty-first  Street 1  oj5  18.0 

Entering  at  Thirty-sixth  Street 2  520 


29.4 


Total 1     10  585        j      128.9 

Stokm  Wateb. 


Above  Twenty-sixth  Street 255        i       159.6 

Entering  at  Twenty-sixth  Street 45  28.8 


188.4 


Storm  water  from  a  portion  of  the  business  section  of  the  city  is 
carried  to  Thirtv-first  Street,  where  a  spillway  was  built  to  empty  a 
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portion  of  the  flow  from  above  into  the  river.  Of  course  water  flowing 
over  the  weir  of  the  spillway  will  be  diluted  sewage,  but  this  flow  oc- 
curs rarely.  Twice  only  during  the  summer  of  1895  did  water  go  over 
the  spillway,  and  then  only  for  a  few  hours  each  time.  The  construc- 
tion of  the  spillway  is  shown  in  Fig.  2. 

Manholes  were  built  about  400  ft.  apart  along  the  whole  length  of 
the  extension.  In  the  first  one  below  the  spillway,  400  ft.  down  the 
sewer,  a  gate  was  built,  which  can  be  lowered  at  any  time  and  so  force 
over  the  si^illway  all  the  sewage  except  that  entering  at  Thirty-sixth 
Street.  This  gate  was  in  use  from  January  24th  to  June  7th,  1895. 
Its  cost,  as  well  as  that  of  the  sjjecial  manhole  in  which  it  was  placed, 
is  included  in  the  cost  i^er  foot  of  Section  3. 

After  considerable  delay,  owing  to  difficulties  of  a  legal  nature 
which  had  to  be  overcome,  work  was  commenced  about  the  middle  of 
August,  1894,  under  the  direct  charge  of  Mr.  A.  M.  Gibson,  who 
jDcrfected  an  admirable  organization  of  the  forces,  and  remained 
in  charge  of  the  work  until  December  7th,  1894,  when  he  resigned  to 
go  into  other  business,  and  was  succeeded  by  the  author,  who  re- 
mained in  charge  until  the  work  was  completed  in  June,  1895. 

Construction  was  carried  on  through  the  winter  when  the  weather 
was  not  too  inclement,  thus  adding  materially  to  the  cost  of  some  por- 
tions of  the  work,  principally  that  of  the  spillway  and  of  Section  3,  but 
helping  out  the  laboring  men  of  the  city  when  help  was  badly  needed. 

The  work  was  divided  into  sections,  the  division  points  being  so 
located  that  the  kind  of  work  on  each  section  was  uniform  over  its 
whole  length.  A  careful  record  was  kept  of  all  material  coming  on  to 
the  work,  showing  on  Avhich  section  and  for  what  jjarticular  class  of 
work  on  the  section  it  was  used.  The  foremen  made  daily  reports, 
showing  the  disposal  of  their  forces.  At  the  end  of  each  month  these 
daily  reports  and  distribution  accounts  were  checked  against  the  pay- 
rolls and  bills  for  material  and  made  to  agree  with  them.  A  monthly 
distribution  sheet  was  made  up  for  each  section  on  which  work  had 
been  done  diiring  the  month,  each  section  being  assigned  its  proper 
share  of  the  generol  exi)en8es  (the  cost  of  the  engineering  force,  book- 
keeper and  watchmen),  and  as  each  section  was  finished,  these  monthly 
statements  were  consolidated  into  a  final  statement. 

When  the  work  was  completed  there  were  foiirteen  of  these  final 
statement  sheets  which  together  covered  the  total  amount  charged  ou 
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the  city  auditor's  books  to  "  Delgany  Street  Public  Sewer  Extension," 
up  to  July  15th,  1895.  After  that  date  a  small  amount  may  have  been 
added  to  the  account  to  cover  the  cost  of  completing  the  record 
maps,  etc.  The  following  table  shows  the  amount  carried  on  each 
sheet,  and  reference  to  the  map  (Fig.  1)  will  show  the  sections  covered 
by  each  sheet,  except  the  minor  ones  for  connections,  etc. 


Sheet.  Section. 


Sewer  and  Description. 


Length. 


Charges  against  sewer  not  chargeable  to  per 

foot  cost .... 

Extra  work  on  Section  1  outside  of  net  section . ' 

94  ins.  diameter,  stone  cradle ...|  2  393.7 

Spillway |        35 

70  ins.  diameter,  stone  cradle :  1  714 

(River  protection  work.  

1 70  ins.  diameter,  in  rock , 

70  ins.  diameter,  three-ring  work,  in  rock , 

Downing  Avenue  sewer  connection.  Thirty 

sixth  Street 

77  ins.  diameter,  in  rock,  three-ring  work 947 

I  "  gravel,        "  1  396 

sand,  "  1  094 

Consolidation  of  sheets  10,  11  and  12,  average.  

1  Wooden  box,  323  ft.  long ' 


211 
503 


"^tot^"'  Total  cost. 


$20,191 
*"  "16.515' 


9.41 
10.816 


12.567 
12.292 
12.956 
12.58 
6.91 


$16  911  93 
2  131  41 
48  331  71 
6  774  70 
28  306  95 
9  687  90 
1  985  69 
6  440  61 

605  42 
11900  30 
17  158  66 
14  173  59 

'2  23i'25* 


Total  amount  charged  to  the  extension $165  540  11 

Deductsheetl 16  911  93 


Cost  of  construction  work $148  628  18 

Deduct  sheet  14,  temporary  wooden  box 2  231  25 


Total  cost  of  8  293.7  ft.  of  permanent  work,  including  cost  of  spillway  and 

protection  from  river $146  396  93 


The  items  on  Sheet  1,  aggregating  $16  911  93,  while  part  of  the  cost 
to  the  city  of  the  improvement,  are  not  projjerly  chargeable  to  the  per 
foot  cost  of  the  sewer,  being  legal  charges,  cost  of  jireliminary  surveys 
and  of  work  on  record  maps,  expenditures  for  right  of  way,  etc.  De- 
ducting this  amount  from  the  total  charge  of  S165  510  11  leaves 
$148  628  18  as  the  total  cost  of  construction  work,  including  82  231  25 
spent  on  a  temporary  outlet.  Deducting  this  leaves  .S146  396  93  as  the 
cost  of  8  293.7  ft.  of  permanent  sewer,  including  89  687  90  spent  on  a 
levee  some  3  200  ft.  long,  heavily  slagged,  to  keep  the  river  away  from 
the  sewer. 

The  following  brief  description  of  each  section  is  given  as  explana- 
tory of  the  conditions  under  which  the  work  was  done. 

Section  1,  94  hix.  Diameter,  2  393.7  Ft.  Long. — This  section  was  built 
on  ground  the  original  elevation  of  which  averaged  a  little  above  invert 
grade,  but  which  had  been  filled  in  with  refuse  to  a  depth  of  from  2  ft. 
to  5  ft.     This  filling  consisted  principally  of  manure,  but  Avas  full  of  tin 
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cans,  wire,  old  bed  springs  and  the  trash  which  accumulates  on  a  city 
dumi),  making  the  cost  of  excavation  high.  The  bottom  of  the  trench 
was  from  2  ft.  to  4  ft.  below  the  water  level  in  the  river  close  at  hand, 
and  the  material  was  coarse  gravel,  so  there  was  a  large  amount  of 
water  to  pump.  The  back-filling  was  expensive,  as  a  large  proportion 
of  the  material  had  to  be  hauled  in  on  wagons.  While  Table  No.  1 
shows  the  back-filling  less  than  the  excavation,  the  material  taken 
from  the  trench  was  not  suitable  for  covering  the  sewer. 

The  section  had  a  concrete  base  16  ft.  wide  and  8  ins.  thick,  and  a 
stone  cradle  containing  1.8  cu.  yds.  per  foot  of  sewer.  The  invert 
was  a  single  ring  of  brickwork,  and  the  top  was  three  rings,  except 
across  certain  lands  where  a  fourth  ring  was  added.  The  cost  per  foot 
given  in  the  table,  §20  19,  is  for  the  three-ring  section. 

Section  2,  Spillvmi/. — The  cost  of  pumping  on  the  spillway  was  ex- 
cessive, as  the  greater  part  of  the  work  was  done  in  freezing  weather, 
and  the  floor  of  the  spillway  was  below  water  level,  so  that  the  pump 
had  to  be  run  night  and  day  during  a  considerable  delay  in  the  de- 
livery of  material.  Its  total  cost  was  86  774  70.  The  throat  of  the 
spillway  forms  35  ft.  of  the  main  sewer. 

Section  3,  10  Ins.  Diameter,  1  714  Ft.  Long.— There  was  less  excava- 
tion on  this  section  than  on  Section  1,  and  it  was  nearly  all  good 
material  to  handle,  but  nearly  all  in  water. 

The  section  built  was  similar  to  Section  1,  containing  an  average  of 
80%"  as  much  material  per  foot  as  the  94-in.  section;  80%  of  820  19  is 
$16  15,  while  the  actual  cost  of  this  section  was  S16  51  per  foot.  This 
increased  cost  was  nearly  all  accounted  for  by  a  general  increase  in 
prices  of  material  which  took  place  about  November  1st,  1894. 

Section  4,  Levee,  About  3  200  Ft.  Long. — Nearly  the  whole  of  the  ex- 
tension from  Twenty-sixth  Street  to  Thirty-fifth  Street  is  on  ground 
which  was  once  the  bed  of  the  river.  Above  Thirty-first  Street  this  low 
ground  had  been  partially  reclaimed  by  a  levee  built  by  the  land- 
owners, but  at  and  below  this  street  the  line  was  exposed  to  the  river. 
To  protect  the  sewer  a  levee  was  built.  It  was  some  3  200  ft.  long, 
about  10  ft.  high,  and  with  2  to  1  and  3  to  1  slopes,  with  8  ft.  crown. 
The  river  slope  was  covered  with  slag,  a  trench  3  ft.  deep  and  about 
5  ft.  wide  being  first  dug  at  the  toe  of  the  slope.  This  slag  averaged 
3  ft.  in  thickness  at  the  bottom  and  1  ft.  at  the  top.  The  cost  per  foot 
was  about  $3. 
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Section  o,  10  Ins.  Diameter,  211  Ft.  Long. — Near  tlie  lower  end  of 
Section  3  the  excavation  entered  rock  which  j^romised  to  be  solid  and 
homogeneous,  and  Mr.  Martin  decided  to  dispense  with  two  rings  of 
brick  in  the  invert,  the  concrete  base  and  stone  cradle  being,  of  course, 
dropped  to  bring  the  excavation,  made  as  near  as  possible  to  the 
proper  section,  to  semi-circular  form  by  concrete  and  then  to  put  in 
one  ring  of  brick  for  the  invert.  As  seen  by  the  cost  per  foot,  ^9  41, 
this  was  economical,  but  it  was  soon  found  that  the  rock  was  not  uni- 
form, being  full  of  soft  jilaces.  This  form  of  cross-section  was 
abandoned  after  211  ft.  were  built. 

Section  6,  10  Ins.  Diameter,  503  Ft.  Long. — Sections  6,  7  and  8  were 
built  in  inverse  order,  work  beginning  at  the  lower  end  of  Section  8  on 
February  21st,  and  being  completed  to  the  upper  end  of  Section  6  on 
May  10th,  or  2  846  ft.  of  sewer  was  built  in  two  and  one-half  months, 
nearly  three  weeks  of  which  time  was  lost  by  injunction  proceedings 
over  right  of  way.  The  rock  extended  the  whole  length  of  Section  6, 
but  was  very  soft  in  places,  being  hardly  more  than  an  indurated  clay. 
The  excavation  averaged  about  11  ft.  in  depth,  running  from  7  to  14 
ft.  Timbering  was  used  over  nearly  all  of  the  section.  The  cross- 
section  was  full  three-ring  work,  all  brick  in  the  lower  half  being  laid 
to  a  line.  No  water  was  encountered,  and  no  drain  pipe  was  used.  The 
cost  i)er  foot  was  §10.816. 

Section  7,  11  Ins.  Diametei',  941  Ft.  Long. — The  rock  extended  the 
whole  length  of  this  section,  varying  in  hardness  as  on  Section  6,  and 
was  overlaid  with  loose  sand,  necessitating  timbering  over  its  whole 
length.  The  cut  averaged  111  ft.  The  cross-section  was  full  three- 
ring  work,  and  the  cost  per  foot  was  §12.567. 

Section  8,  11  Ins.  Diameter,  1  396  Ft.  Long. — There  was  no  rock  on 
this  section,  but  a  large  amount  of  water  in  sand  and  gravel, 
principally  the  latter.  The  water  was  carried  into  a  borrow  pit  and 
thence  into  the  river  by  a  side  pipe  at  the  lower  end  of  the  section. 
The  cut  averaged  122"  ft.,  and  timbering  was  used  the  whole  length. 
The  cost  per  foot  was  812.292. 

Section  9,  11  Ins.  Dimneler,  1  094  Ft.  Long.— The  material  here 
changed  to  fine  loose  sand.  The  average  cut  was  14  ft,,  going  up  to 
17  ft. ,  with  consideraV)le  water.  The  line  of  the  sewer  on  this  section 
croBBed  four  railroad  tracks,  the  worst  crossing  being  on  an  angle  of 
22°  under  the  Burlington  main  track.     This  track  was  put  on  12  x  12- 
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in.  transverse  timbers;  the  excavation  was  12  ft.  wide  and  16  ft.  deep 
in  loose  sand,  and  was  kept  open  nearly  two  weeks,  the  sewer  built 
and  back-filled,  and  the  track  put  back  on  the  ground  without  bring- 
ing a  regular  train  to  a  stop.  The  traffic,  however,  was  rather  light, 
there  being  onlv  six  or  seven  regular  trains  each  way  in  24  hours. 
Excavation  was  started  May  5th,  the  first  brick  was  laid  May  10th, 
and  the  last  June  6th,  two  days  of  the  time  between  the  two  dates 
being  lost  by  rain.     The  cost  per  foot  was  $12,956. 

The  average  cost  per  foot  of  Sections  7,  8  and  9.  all  of  the  same 
cross-section,  was  S12  58.  This  includes  the  cost  of  all  lumber  bought 
for  timbering  and  scaffolding,  no  allowance  being  made  for  the  value 
of  old  lumber  left  when  the  work  was  completed. 

Section  10,  Wooden  Bov,  323  Ft.  Long. — The  lower  end  of  Section  9 
is  connected  with  the  river  by  a  wooden  box  3i  x  3^  ft.  in  the  clear, 
laid  on  a  heavy  grade,  the  intention  being  to  carry  the  brick  sewer 
ultimately  some  6  000  or  7  000  ft.  further  northeast,  where  the  invert 
grade  line  will  reach  the  surface  and  there  may  be  a  chance  to  sell  the 
water  for  irrigation.  The  box  was  put  in  place  before  work  on  Section 
9  commenced,  and  a  12-in.  drain  pipe  laid  under  the  box  carried  the 
ground-water  away  from  Section  9.  The  excavation  for  this  box  was 
deeji,  averaging  16  ft.,  and  about  one-fourth  was  rock,  clay  marl, 
with  much  water.  There  is  a  reef  of  this  clay  marl,  mingled  with 
layers  of  soft  sandstone,  all  along  the  river  front  from  Thirty-fifth 
Street  down.  Sections  6  and  7  lie  in  the  reef,  but  Sections  8  and  9  are 
back  of  it,  and  Section  10  cuts  through  it.  This  accounts  for  the  large 
amount  of  water  encountered  so  close  to  the  river  and  at  an  elevation 
above  its  level,  this  reef  acting  as  a  dam  to  hold  back  the  ground- 
water flowing  from  the  south. 

The  following  tables  are  self-explanatory  when  studied  in  connec- 
tion with  the  description  of  each  section. 

TABLE  No.  1. — Materials  per  Foot  of  Seweb. 


Material. 

Seel. 

Sec.  3. 

Sec.  6. 

Sec.  6. 

Sec.  7. 

Sec.  8. 

Sec.  9. 

Cu,  yds. 
8i 

Cu.  yds. 

Cu.  yds. 
1.2 
1.5 
0.16 

Cu.  yds. 
3.0 
1.4 

Cu.yds. 
4.0 
1.4 

Cu.  yds. 
5.5 

Cu.  yds. 
7.0 

"           Rock      .         

6.395 
1.8 
0.753 
2.4 

0.349 
1.26 
0.588 
3.2 

Brick        •'        

0.683 
2.7 

0.885 
4.4 

6.967 
6.4 

0.967 
6.6 

0.967 

Back  filling 

7.0 
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TABLE  No.  2. — Cost  pek  Foot  of  Main  Sewer. 


Section  1. 

04  ins.  diameter. 

2  393.7  ft. 

U 

o 

Section  5. 

70ius  diameter. 

211  ft. 

<B 
«|      . 

05  3 

O 

Section  7. 

77  ins.  diameter 

947  ft. 

Section  8 

77  ins.  diameter. 

1  396  ft. 

11° 
t- 

t- 

$  .891 

.743 

1.925 

8.128 

6.443 

.832 

.715 

.424 

.090 

$   .377    $1,236 

.595 

1  645        -635 

$1,412 

$2,058 

.078 



$1,620 
.484 

$1,766 
.282 

$1,787 

Pumping — Draining 

.308 

6.134 

5.761 

.842 

Brickworlj 

Back-fillin" 

5.722 
.347 

8.324 
.223 
.572 
.150 
.134 

9.332 
.357 
.500 
.097 
.145 

9.203 
.301 
.463 
.100 
121 

9.396 
.822 
.420 
.140 
.130 

9.300 
.482 

.66:i        .916 
.320,       -381 
.178        .173 

.460 

Tools 

Watchman,  etc 

.112 
.131 

Total      

$20,191 

$16,515   $9,410 

$10,815 

$12,567 

$12,292 

$12.9.56 

$12.58 

TABLE  No.  3. — Cost  per  Cubic  Yard  of  Concrete. 


Mateeial. 

Sec.  1. 
946.6  Cu.  Yds. 

Sec.  3. 
698  Cd.  Yds. 

AVKBAGE, 

1  544.6  Cu.  Yds. 

Quantity. 

Cost. 

Quantity. 

Cost. 

Quantity. 

Cost. 

Portland  cement  (K.,  B.  & 

S.) 

.756  bbl. 
.777  cu.yd. 
.470      " 

$2.61 
1.40 
.165 
.01 
.685 

.7  bbl. 
.72  cu.  yd. 
.35      " 

12.44 
1.42 
.125 

.732  bbl. 
.754  cu  yd. 
.424      " 

$2,643 
1.409 

.148 

.007 

.73 

.70S 

Total  

$4.87 

$4,716 

$4.81 

The  cement  was  all  Portland,  and  the  proportions  of  the  concrete 
1,  3  and  6.  If  Louisville  cement  had  been  used  in  the  iiroportiou  of 
1,  2  and  5,  this  cost  would  have  been  decreased  about  ."^1  35  per  cubic 
yard,  making  the  average  about  §3  46.  This  does  not  include  tools, 
pumping  or  engineering. 

The  broken  stone  was  unscreened,  crushed  sandstone,  paid  for  by 
the  cubic  yard,  but  on  an  agreed  basis  of  2  500  lbs.  for  a  cubic  yard, 
the  car  weights  being  taken.  There  was  no  dirt  in  it,  but  many  small 
pieces,  the  largest  being  about  the  usual  2-in.  ring  size. 
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TABLE  No.  4. — Cost  pek  Cubic  Yard  of  Stone  Ceadm:. 


Matebiai.. 

Sec.  1. 
i  295  Ctj.  Yds. 

Sec.  3. 
2  143  Cu.  Yds. 

AVEBAGE. 

6  438  Cu.  Yds. 

Quantity. 

Cost. 

Quantity.       Cost. 

Quantity. 

Cost. 

Rubble  Btone 

1.3  tODB. 

.848  bbl. 
.292  cu.  yd. 

$1,965 

1.175 

.115 

.005 

1.27 

1.29  tons.        $1,995 
.93  bbl.            1.43 
.33cu.  yd.         .16 

005 

1.297 
.875 
.305 

$1  975 
1  261 

Sand 

13 

005 

1.315 

1.284 

Total 

$4  53 

$4,905 

$4,655 

This  does  not  include  jjumping,  tools  or  engineering.  The  stone 
was  bought  by  the  ton,  car  weights  being  taken.  It  was  sandstone 
easily  worked,  and,  as  shown  by  the  amount  used  per  cubic  yard,  of  a 
low  specific  gravity.  It  was  admirably  adajited  to  the  work  where 
great  strength  was  not  needed,  but  rather  a  stone  working  easily  under 
the  hammer.  A  little  Portland  cement  was  used  for  plastering  the  top 
of  the  sjjandrel  wall  during  cold  weather,  but  nearly  all  was  Louisville 
cement  bought  in  paper'  sacks,  265  lbs.  to  the  barrel.  The  mortar  was 
mixed  2  to  1. 

TABLE  No.  5. — Cost  per  Cubic  Yard  of  Brickwork. 


Section  1.    Section  S. 

1800  Cu.       1009  Cu. 

Yds,                 Yds. 

Section  5. 

123  Cu. 

Yds. 

:  Sections  7, 
Section  6.           8,  9. 
445  Cu.  Yds.      3  325  Cu. 
Yds. 

1 

Average, 

6  702    Cu. 

Yds. 

Matebial. 

a 

s 
o 

a 
< 

o 

a 
s 
o 

a 

o 

s 
o 

g 
< 

1 
O 

$4.58 

2.63 

.19 

.17 

2.26 

$9.82 

a 
§ 

a 
< 

1 

a 
g 

a 

1 

a 

a 
< 

i 

Brick,  number 

Cement,  bar- 
rels  

Sand,  cubic 
yards  

Miscellaneoua. 

Labor 

438.3 

.835 

.34 

$4.07 

2.01 

.15 
.31 

2.025 

431 

1 

.35 

$4.89 

2.365 

.175 

.365 

1.985 

439 
1.07 
.375 

450 
.87 
.42 

$4.71 

1.71 

.21 

.085 

2.695 

439.6 

.939 

.46 

$4.75 

1.81 

.23 

.16 

2.66 

438.9 
.919 
.408 



$4  584 

1.953 

.198 

.^29 

2.384 

Total 

$8.565 

$9.78  1 

$9.41 

$9.61 

$9,348 

Portland  cement  mortar  mixed  3  to  1  was  used  in  laying  the 
inner  ring  of  brick  on  the  whole  work  and  for  plastering  on  Section  3, 
where  the  top  was  nearly  all  put  on  during  freezing  weather.     The 
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Louisville  cement  mortar  used  on  the  rest  of  tlie  brickwork  was  mixed 
2  J  to  1  on  Sections  1,  3  and  5,  and  3  to  1  on  Sections  6,  7,  8  and  9.  If 
Louisville  had  been  used  in  place  of  the  Portland,  the  average  cost  per 
cubic  yard  of  69  35  would  have  been  reduced  to  about  S8  70.  This 
l^rice  does  not  include  tools,  except  centers  and  templets,  pumping  or 
engineering,  but  does  include  all  manholes,  both  special  and  regular, 
including  manhole  steps,  covers  and  rings. 


TABLE  No.  6. — Detail  Cost  of  Bkick  Work  on  Sections  7,  8,  9.- 
CosT  PEK  CrBic  Takd. 


Materia!^ 

Section  7. 
916  Cu.  Yds. 

Section  8. 
1  349  Cu.  Yds. 

Section  9. 
1  060  Cu.  Yds. 

AVEBAQE, 

3  325  Cu.  Yds. 

Amount. 

Cost. 

» 

Amount. 

Cost. 

Amount. 

Cost. 

Amount. 

Cost. 

Brick,  number 

Cement,  barrels 

Saud,  cubic  yards 

442 
.937 
.484 

S4.81 
1.835 
.24 
.135 

440 
.99 
.44 

$4.70 
1.91 
.22 
235 
2  465 

438 
.876 
.47 

$4,765 

1.655 

.235 

.09 

2.95 

439.6 
.939 
.46 

$4.75 

1.81 

.23 

.16 

9  «a 

2.66 

Total 

«9f..T 

$9.53 

$9,695 

$9.61 

The  miscellaneous  item  in  Tables  Nos.  5  and  6  is  for  slants,  manhole 
covers,  steps  and  rings,  templets  and  centering  and  water. 


TABLE  No.    7. — Totax.  Days'   Labok  Performed,  iNCLrDiNG  Levee 
AJTD  atjTj  Extra  Work. 


/                 ■                  -  - 
Occupation. 

Wages  paid. 

Days'  work. 

Remarks. 

Foreman 

$3  33)  to  $5  00 
$3  60 

400 

260 

200 
176 

$100  and  $125 

$3  60 

3  00 

726 
1398 

1491 

385 

8  115 
7  628 

363 
2  160 

252 

Stoue  masons 

4.7  cubic  yards  rubble  masonry 

average  day's  labor. 
2  080  brick  laid,  equal  4.7  cubic 

yards  brick  maeoury  per  day. 
Watchmen,      blacksmith       and 

timbermen. 

Brick        "       

Labor  (inclading  watchmen). 
Labor 

Labor 

Water  boys 

Man  and  team 

Engineers  and  pumpers 

All  for  an  ei(i(ht-li(mr  day  except  pumi)ers,  who  were  paid  83  for  10 
hours'  work,  but  generally  worked  12  liours. 


PLATE  II. 

TRANS.  AM.  SOC.  CIV.  ENGRS. 

VOL.  XXXV,  No.  773. 

FOLLETT  ON  COST  OF  DENVER  SEWERS. 


FOLLETI   OX    COST    OF    DEXVER    SEWERS.  113 

The  appliances  used  were  of  the  most  ordinary  kind;  all  concrete 
was  mixed  by  hand  and  put  in  place  with  shovels  and  wheelbarrows; 
the  brick  and  mortar  were  lowered  by  hand  ropes  into  the  deep  trenches 
from  platforms  in  the  usual  manner. 

The  wages  paid  to  all  classes  of  labor  employed,  both  skilled 
and  common,  were  about  40^o  above  the  average  rates  in  force  when 
the  work  commenced.  It  is  beyond  the  scope  of  this  jiaper  to  enter 
into  a  discussion  of  the  motives  which  led  the  Board  to  set  so  high 
a  scale  of  wages.  Suffice  to  say,  the  wages  shown  were  jjaid,  and 
members  can  easily  make  the  necessary  allowances  when  comx^aring 
the  cost  of  this  work  with  that  of  contract  work  where  different  rates 
of  comjjensation  are  in  force. 

Mr.  Martin  perfected  a  very  neat  steel  ring  used  for  centering. 
Plate  II  shows  the  construction  pretty  clearly.  The  ring  consists  of 
two  semi-circles  of  about  8-lb.  steel,  a  section  being  taken  of  a  height 
equal  to  the  thickness  of  the  lagging  to  be  used.  The  lower  half  is 
bent  to  form  with  the  flange  toward  the  center,  its  outer  radius  being 
that  of  the  invert.  The  uioper  half  is  bent  with  the  flange  out,  its 
radius  being  that  of  the  lower  half,  less  the  thickness  of  the  lagging. 
To  each  end  of  the  lower  half  is  riveted  a  short  jjiece  of  the  same  sec- 
tion of  rail  with  a  hole  punched  in  the  flange,  a  corresponding  hole 
being  punched  in  each  end  of  the  upi)er  half.  One  of  these  pieces  has 
its  upi)er  end  cut  on  a  slight  bevel,  corresponding  to  a  similar  bevel 
on  the  end  of  the  upper  semi-circle.  The  two  halves  are  joined  by  two 
lugs  and  bolts  at  each  end.  The  lagging  used  was  dressed  out  of  2  x  4- 
iD.  stuff  with  radial  joints,  and  dressed  on  both  sides.  Each  piece  had 
fastened  to  its  lower  side  three  little  iron  clips,  each  one  being  held  in 
place  by  two  wood  screws.  The  end  of  each  clii)  was  bent  away  from 
the  wood  just  the  thickness  of  the  flange  on  the  steel  ring.  It  is  fre- 
quently the  case  in  j^erfecting  a  new  appliance  that  some  minor  part 
of  the  device  causes  all  the  trouble.  In  this  case  the  devising  of  a 
means  to  attach  the  lagging  to  the  rings  was  the  diflicult  point.  Several 
plans  were  tried  and  abandoned,  but  finally  this  clip  was  suggested. 
It  solved  the  problem  and  made  the  combination  a  complete  success. 
Five  rings  were  used  to  each  12-ft.  length  of  lagging,  so  that  forty 
rings  sufficed  to  set  up  96  ft.  of  centers. 

In  use,  when  ready  to  knock  down  a  length  of  centering,  the  work- 
men removed  the  bolts  from  the  pair  of  lugs  at  the  bevel  joint  of  a 
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ring,  struck  the  latter  a  sharp  blow  with  a  hammer,  and  collapsed  the 
joint.  The  three  intermediate  rings  were  first  removed,  then  the  end 
ones  knocked  out,  and  the  lagging  released.  The  collapsed  rings  were 
di-agged  forward  through  the  8Aft.  of  centering  already  in  place,  and 
set  up  again  and  bolted.  The  lagging  was  brought  forward,  thor- 
oughly cleaned  in  the  joints,  and  j^ut  in  place,  one  piece  at  a  time,  a 
slight  shove  endwise  engaging  the  clips  on  the  rings,  and  an  occasional 
sixpenny  wire  nail  driven  on  the  opposite  side  of  the  ring  keeping  the 
strips  from  working  loose.  The  last  piece  of  lagging  wedged  the  whole 
section  together,  and  the  outside  of  the  section  was  scraped  clean  with 
a  shovel  and  wet  down. 

When  building  96  ft.  of  top  per  day,  two  men  would  take  down, 
clean  and  set  up  this  centering,  besides  doing  some  cleaning  in  the 
finished  sewer,  making  the  cost  of  moving  a  little  less  than  4  cents  per 
foot.  In  building  the  8  290  ft.  of  sewer,  three  sets  of  rings  and  two 
sets  of  lagging  were  used,  costing  (including  bolts,  screws,  clips  and 
labor)  about  .S775,  or  9.3  cents  per  foot  ;  or  the  whole  cost  of  center- 
ing, including  moving,  was  a  little  over  13  cents  per  foot  of  sewer 
built.  Of  course,  where  the  diameter  of  a  sewer  changes  frequently, 
new  rings  would  be  required  for  each  diameter,  and  the  cost  per  foot 
increased.  On  this  work  the  sizes  were  70,  77  and  94  ins.  only,  and  so 
but  three  sets  of  rings  were  used. 
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DISC  USSION. 


Henky  GoiiDMABK,  M.  Am.  Soc.  C.  E. — In  railway  work  the  con-  Mr.  Goldmark. 
ditions  are  usually  somewliat  unlike  those  in  city  work,  but  the  con- 
clusions tlerivecl  from  exjieiience  are  not  very  different.  Contract  work 
is  more  desirable  and  cheaj^er  as  a  rule  than  work  by  the  day,  but  there 
are  two  cases  where  the  latter  is  preferable.  One  is  when  there  are 
conditions  which  are  not  fully  understood  before  beginning  operations, 
so  that  the  contractor  is  obliged  to  charge  for  a  considerable  element 
of  risk  and  uncertainty.  The  second  case  occurs  when  an  especially 
good  grade  of  work  is  required,  as  this  can  be  obtained  more  cheajjly 
V)y  day  labor  under  the  engineer's  direct  superintendence  than  it  can 
under  very  good  inspection,  where  it  is  done  under  ordinary  contract 
conditions. 

In  one  or  two  instances  the  speaker  had  found  it  advisable  in  every 
way  to  supply  sand  and  cement  in  large  quantities  to  the  contractor 
and  allow  him  to  use  it  freely  under  some  supervision,  rather  than  to 
specify  the  amount  of  cement  and  sand  and  allow  the  measuring  to  be 
done  with  the  idea  of  using  the  exact  amount  specified.  On  one  occa- 
sion, when  a  number  of  abutments,  piers  and  arched  culverts  were  con- 
structed on  a  railway,  about  half  were  built  by  contract  and  half  by 
day  labor,  under  the  speaker's  supervision.  The  cost  of  the  work  was 
nearly  the  same  under  both  methods  of  construction,  but  the  quality 
of  the  work  done  by  day  labor  was  decidedly  better,  although  the  con- 
tractor made  but  a  very  small  profit  on  his  work. 

With  regard  to  the  high  wages  mentioned  in  the  jjaper,  the  rates  of 
§1  75  and  S2  a  day  for  common  labor  were  exactly  what  were  paid  in 
Eastern  Kansas  and  Southwestern  Missouri  on  the  railway  work  men- 
tioned previously,  although  the  railway  company  was  paying  only  §1  10 
for  the  ordinary  track  force.  For  ^1  75  a  day  a  gang  of  about  twenty 
negroes  was  secured,  who  were  exceptionally  strong  and  vigorous  men, 
and  more  than  earned  the  extra  amount  they  were  i)aid  per  day  by  their 
superior  efficiency  in  excavating  heavy  soil  for  foundations  and  in 
mixing  concrete.  The  force  account  showed  that  the  cost  per  cubic 
yard  of  excavation  and  of  concrete  was  less  than  it  had  been  under 
the  contractor's  method,  employing  men  at  §1  25  a  day.  This  case 
shows  forcibly  that  high-priced  labor  gives  cheap  results  if  it  is  care- 
fully selected  and  carefully  watched.  It  was  the  speaker's  experience 
that  where  an  engineer  is  not  overburdened  with  work  and  is  able  to 
give  the  proper  amount  of  time  to  a  close  daily  supervision  of  the  con- 
struction and  has  a  perfect  competent  inspector  on  duty  all  the  time, 
who  can  do  essentially  the  work  of  a  foreman,  a  high  grade  of  masonry 
can  be  secured  for  a  sum  which  would  only  give  an  average  quality  of 
work  at  contract  prices. 
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Mr.  CroweU.  FOSTER  Cbowell.  M.  Am.  Soc.  C.  E. — Theampoi-tance  in  all  work, 
Avhether  done  by  contractors  or  under  the  direction  of  engineers,  of 
keeping  a  full  and  accurate  force  account  of  the  details  of  the  under- 
taking is  obvious,  and  the  jjaper  gives  an  illustration  of  particularly 
careful  supervision  in  this  particular.  The  desirability  of  having  work 
done  by  day  labor  under  the  direction  of  engineers  or  by  contractors 
must  depend  upon  the  special  conditions  of  each  problem.  There  are 
some  cities  in  which  the  contract  system  is  the  only  one  that  should  be 
adopted  at  the  present  time,  but  there  are  others  where  the  work  done 
by  day  labor  would  show  a  great  saving  and  serve  as  an  object  lesson 
as  to  what  can  be  accomplished  at  a  reasonable  cost.  Any  city  where 
the  same  opportunities  are  given  as  in  Denver  could  secure  equally 
good  results  without  any  very  great  ditfieulty,  and  if  the  facilities  for 
transporting  material  are  more  favorable  the  results  will  be  better. 
Most  cities  began  their  public  works  by  the  day  labor  plan,  but  have 
been  forced  to  adopt  the  contract  system  in  self  defence.  The  latter 
has  improved  in  this  country  in  many  respects,  and  where  the  con- 
tractor has  not  been  allowed  to  have  too  miich  latitude,  the  results  are 
certainly  excellent.  \Yhether  work  is  done  by  contract  or  not,  the 
paper  contains  a  valuable  lesson  to  engineers  who  have  this  kind  of 
work  in  charge,  that  they  will  obtain  much  better  results  by  keeping 
this  elaborate  and  troublesome  kind  of  a  force  account.  The  results 
justify  it,  and  the  city  will  l)e  the  gainer,  whether  the  accounting  is 
only  for  the  purpose  of  finding  out  what  such  an  undertaking  actually 
costs,  or  to  show  the  citizens  what  are  the  detailed  expenses  of  work 
performed  jjroperly. 

Some  years  ago  the  speaker  had  under  his  supervision  a  number  of 
contractors  who  were  building  a  railway.  One  morning  it  was  found 
that  the  contractors  on  seven  or  eight  sections  had  abandoned  the 
work  and  left  the  State.  The  railway  company  had  either  to  relet  the 
sections,  which  would  have  taken  considerable  time  and  trouble,  as 
the  work  was  in  all  stages  of  advancement,  or  to  carry  it  on  by  day 
labor.  The  latter  plan  was  adopted,  and  one  of  the  first  steps  was  to 
have  the  engineer  corps  previously  emj^loyed  see  that  the  work  was 
done  proi^erly.  The  plant  left  by  the  contractors  was  put  in  use, 
somewhat  improved  jjerhaps,  but  in  general  in  the  condition  in  which 
it  had  been  abandoned.  All  members  of  the  engineering  jjarty  were 
instructed  to  keep  an  accurate  account  of  what  the  men  were  perform- 
ing. They  made  their  entries  from  time  to  time  during  the  day  in  their 
field  books,  and  repoi-ted  in  connection  with  their  engineering  work; 
this  force  account  was  simply  a  record  of  what  the  men  on  diff'erent 
cla.sses  of  work  were  performing.  In  a  short  time  the  work  was  sys- 
tematized, and  a  few  months  later  the  books  showed  a  considerable 
profit  on  the  balance  of  the  work  on  which  the  contractors  had  lost 
money.     As  construction  jirogressed,  the  interest  of  the  men  in  the 
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engineer  corps  continued  to  increase,  and  those  in  charge  of  different  jjp,  Crowell. 
sections  became  quite  emiilous  of  one  another  in  securing  the  best  re- 
sults.    There  was  a  verv  decided  profit  to  the  railway  comj^any  arising 
from  the  interest  which  was  awakened  in  that  way. 

On  other  occasions  the  speaker  had  undertaken  for  a  company  work 
which  could  not  be  very  clearly  specified,  owing  to  peculiar  circum- 
stances, and  therefore  could  not  be  put  under  contract  unless  the  con- 
tractor obtained  a  sufficiently  high  price  to  cover  the  risk.  Sometimes 
the  railway  comj^any  i:)referred  to  take  the  risk  itself,  and  probably 
saved  money  in  the  end  ;  sometimes  it  lost  money.  In  such  cases 
it  is  extremely  important  for  the  engineer  corps  to  have  a  knowledge 
of  what  men  can  accomplish  in  different  classes  of  work,  and  what  is 
a  fair  day's  work  under  the  jjarticular  conditions. 

The  speaker  agreed  with  Mr.  Goldmark,  that  there  was  often  a  real 
economy  in  paying  high  wages  to  secure  good  results.  Men  vary  much 
in  their  capacity  to  do  work  as  well  as  in  their  intention  to  do  it,  and 
men  who  feel  they  are  well  paid  and  know  they  depend  on  their  perform- 
ance to  retain  their  positions  will  accomplish  much  more  than  those 
who  receive  simply  the  market  price  for  labor.  If  the  engineer  has 
the  authority  to  discharge  men  when  they  fail  to  do  their  work,  there 
is  generally  no  extravagance  in  paying  a  good  price. 

Geokge  R.  Hajrdy,  M.  Am.  Soc.  C.  E. — The  advantage  of  doing  Mr.  Hardy, 
work  by  contract  lies  in  the  fact  that  the  contractor  undertakes  to  ac- 
complish the  most  work  at  the  lowest  price,  and  when  he  has  named 
his  price  per  unit  for  each  class  of  work  to  be  executed,  the  comj^any 
or  municij^ality  has  a  clear  conception  of  how  much  per  unit  the  un- 
dertaking will  cost,  let  the  classes  of  work  be  more  or  less  in  amount. 
If  unforeseen  conditions  arise,  the  comi)any  or  municij)ality  has  to  pay 
the  cost  of  meeting  them,  for  a  contractor  cannot  be  expected  to  gam- 
ble, so  to  speak,  on  whether  or  not  there  is  rock  in  the  excavation  or 
the  excavation  will  be  unusually  deep;  he  names  a  price  at  which  he 
can  probably  carry  out  each  item  in  the  contract,  while  the  corpora- 
tion pays  more  or  less  than  estimated  for  each  class  of  work,  accord- 
ing as  the  total  quantities  of  each  class  exceed  or  fall  below  the 
estimates.  Under  this  method  of  doing  work,  the  duty  of  the  engineer 
corps  is  confined  to  securing  satisfactory  results  from  the  contractor. 
In  this  way  the  contractor  has  to  bear  the  expense  of  forcing  the  men 
to  work  properly,  and  no  expense  is  entailed  upon  the  corporation  on 
this  account.  For  this  reason  the  contract  system  is  the  best  method 
of  accomplishing  large  engineering  undertakings  where  the  magnitude 
of  the  work  is  so  great  that  the  engineer  cannot  personally  stipervise 
its  execution.    ' 

Accounting  by  a  regular  system  for  all  expenses  is  a  matter  all 
engineers  desire  to  investigate  thoroughly,  but  accoiintiug  can  be  car- 
ried so  far  as  to  become  too  expensive.     In  the  work  mentioned  in  the 
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Mr.  Hardy,  jiaper  the  expense  of  accounting  and  engineering  seems  to  have  been 
combined,  for  50  cents,  75  cents  or  71  cents  is  given  as  the  cost  of  engi- 
neering. If  the  engineering  includes  accounting,  and  there  is  a  large 
force  of  clerks  on  the  work  so  as  to  carry  out  the  accounts  in  consid- 
erable detail,  it  will  soon  be  found  that  the  cost  of  this  clerical  work 
will  far  exceed  its  proportional  advantage.  If  the  work  is  done  under 
an  engineer  able  to  see  the  relative  importance  of  all  the  details,  he 
will  be  able  to  obtain  from  day  to  day  the  rejDorts  necessary  for  a 
proper  distribution  of  the  total  expenditure. 


CORRESPONDENCE. 


Mr.  Landreth.  William  B.  Lakdbeth,  M.  Am.  See.  C.  E. — The  i^ajier  is  valuable 
as  furnishing  a  means  of  com])aring  the  cost  of  sewer  work  built  by 
day  labor  in  an  inland  city  with  that  done  by  contract.  Tables  Nos. 
3,  4  and  5  are  of  interest  as  showing  the  quantities  of  material  and 
labor  in  each  unit  of  finished  work,  and  ought  to  be  useful  to  persons 
estimating  on  such  work.  The  cost  of  some  of  the  material,  especially 
the  brick,  is  greater  than  the  ruling  prices  east  of  Chicago,  as  would 
be  exj^ected,  and  the  pajjer  explains  the  reason  for  the  excessive  cost 
of  the  labor.  The  following  statement,  compiled  from  the  tables  in 
the  liajjer,  shows  the  cost  per  cubic  yard  of  excavation,  pumping  and 
back-filling  on  the  several  sections. 

Section         13  5  6  7  8  9 

Cost         SO.  734    81.451     80.541     80.372     80.462     80.437     80.410. 

The  paper  shows  that  the  cost  for  Section  1  was  increased  by  the 
excessive  quantity  of  water  encountered,  but  the  reason  for  the  high 
cost  of  Section  3,  81.451,  is  not  clearly  stated.  The  cost  of  Sections  7, 
8  and  9  indicates  that  the  rock  was  not  hard,  as  is  stated  in  the  paper. 
On  sewer  work  done  by  contract  in  several  eastern  cities  and  towns 
under  the  writer's  direction,  the  average  cost  for  excavation,  jjumping 
and  back-filling  has  been  30  cents  per  cubic  yard.  The  work  was  on 
both  pipe  and  ))rick  sewers  in  earth  and  soft  rock,  with  cuts  from  6  to 
20  ft.  deep,  and  where  the  contractor  made  a  i)rofit.  On  other  sewer 
work  where  the  contractor  bid  an  average  of  19  cents  i)er  yard  and 
abandoned  the  contract  when  the  cuts  reached  16  ft.  to  18  ft.,  the 
municipality  comi)leted  the  work  by  day  labor  at  a  cost  for  excava- 
tion, pumping  and  back-tilling  of  63  cents  per  yard.  The  work  was  in 
loose  gravel,  with  water  and  quicksand  in  ])lace8,  and  was  carried  on 
with  the  same  men  the  contractor  had  employed.  The  work  cost  the 
contractor  as  much  as  it  did  the  municii)ality,  and  the  case  is  cited 
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only  as  an  instance  of  a  contractor  naming  a  i^rice  much  below  actual  Mr.  Landreth. 
cost. 

The  writer's  exjjerience  has  l)eeu  that  sewer  work  generally  costs  a 
city  less  by  contract  than  by  day  labor.  A  study  of  the  number  of 
days'  labor  emjjloyed  on  the  Denver  work  indicates  that  the  force  was 
well  handled,  and  the  amount  of  labor  j^er  unit  of  completed  work 
was  a  fair  average  of  that  on  similar  work  in  other  places.  The  ques- 
tion as  to  whether  the  Denver  work  could' not  have  been  done  for  less 
money  with  some  form  of  a  trench  machine  suggests  itself,  but  a  cor- 
rect answer  i^robably  depends  upon  some  local  conditions  not  stated 
in  the  pajier.  The  paper  indicates  that  a  permanent,  solid  constriic- 
tion  was  desired,  and  the  evident  care  with  which  the  work  was  looked 
after  by  the  engineer  probably  secured  that  result. 

Andrew  Rosewater,  M.  Am.  Soc.  C.  E. — Having  had  occasion  to  Mr.Rosewater 
become  acquainted  with  the  features  of  the  Delgauy  sewer  through 
an  engagement  to  report  ujion  the  original  project,  the  writer  visited 
the  work  twice  during  its  construction  and  can  say  that  it  is  one  of  the 
best  i^ieces  of  mechanical  sewer  construction  he  ever  saw.  The  ii'on 
rails  supporting  the  lagging  on  the  arch  were  very  convenient  and 
simjile,  and,  as  they  were  handled,  there  were  no  connecting  lines  of 
sectional  work  to  be  seen  on  the  entire  line  of  the  sewer.  The  brick 
used  was  exceptionally  good  and  the  courses  were  laid  to  perfect  lines 
throughout;  this  was  to  be  expected  to  a  certain  extent  on  work  done 
by  day  labor.  The  marked  feature  in  the  management  was  the  ab- 
sence of  incompetent  mechanics  and  shiftless  workmen,  which  was  due 
to  the  fact  that  the  board,  in  its  desire  to  demonstrate  the  practica- 
bility of  doing  work  better  and  cheaper  by  day  labor  than  by  contract, 
placed  the  construction  in  the  hands  of  engineer  experts  with  exclusive 
authority  to  employ  and  discharge  men,  and  this  authority  was  rigidly 
exercised,  according  to  the  Avriter's  observation.  The  tabulated 
results  as  to  cost  do  not  show  any  striking  gain  over  that  of  contract 
work  in  this  case,  but  assuming  the  cost  to  be  the  same  as  under  the 
contract  system,  the  material  and  workmanship  are  decidedly  better 
than  under  that  system.  This  is  one  of  a  few  instances  where  ex- 
periments of  this  kind  have  been  successful.  In  jirobably  seven 
cases  out  of  ten  the  political  tendencies  of  boards  made  up  wholly  of 
scheming  jioliticians  to  give  sinecures  to  political  hangers  on,  would 
have  largely  increased  the  cost  of  the  work  without  securing  any  com- 
pensating benefits  in  quality  of  material  or  workmanship. 

L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E. — The  actual  cost  of  any  juece  of  Mr.  LeCoute. 
engineering  work  depends  largely  upon  local  circumstances,  and  it  is 
hard  to  draw  comparisons  which  will  have  much  weight  between  the 
day  labor  and  contract  systems.  If  a  city  hapjiens  to  have  a  compe- 
tent engineer  with  experience  in  the  line  of  work  contem])lated,  and 
the  plant  required  to  execute  the  work  is  small  and  inexpensive,  then 
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Mr.  L°  Conte.  there  is  no  doubt  tliat  the  city  can  save  possibly  25%"  on  the  cost  of  the 
work  Viy  hiring  the  necessary  hxbor,  purchasing  the  materials  and  doing 
the  work  itself.  On  the  contrary,  if  the  plant  required  to  do  the  j)ro- 
posed  work  is  expensive  and  of  a  ijermanent  nature,  it  is  generally  more 
economical  for  the  city  to  let  the  work  out  by  contract,  due  regard 
being  given  to  developing  a  healthy  competition.  The  chief  reason 
for  adopting  contract  work  is  to  avoid  keeping  an  expensive  plant  on 
hand  after  the  completion  of  the  work,  which  experience  sho'ws  to 
represent  so  much  dead  capital,  the  interest  on  which  increases 
rapidly.  Any  attempt  to  sell  the  plant  always  ends  in  a  disastrous 
sacrifice.  The  actual  cost  of  concrete  on  this  sewer  is  given  as  .^4  81 
per  cubic  yard  in  i:)lace,  which  is  certainly  creditable  for  hand-mixed 
concrete.  The  actual  cost  of  coursed  I'ubble  masonry  side-walls  and 
invert,  -SI  66  per  cubic  yard  in  jjlace,  is  surprisingly  cheap  and  hard 
to  understand.  In  this  class  of  work  rubble  masonry  will  generally 
cost  much  more  than  concrete.  The  author  gives  the  cost  of  arch 
brickwork  as  ^9  34  and  $9  61  per  cubic  yard  in  place.  This  stands  out 
in  bold  contrast  to  the  cost  of  other  work,  and  naturally  suggests  the 
propriety  of  using  concrete  for  the  arches  and  confining  brickwork  to 
the  inverts  where  scour  is  likely  to  take  place.  Inasmuch  as  there  were 
10  000  cu.  yds.  of  brickwork  and  only  1  545  cu.  yds.  of  concrete  used, 
the  possibility  for  further  economy  seems  to  be  worthy  of  consideration. 
Mr.  Nelles.  Gr.  T.  NEiiLES,  M.  Am.  Soc.  C.  E. — The  author  gives  a  very  complete 
analysis  of  the  cost  of  his  work,  and  makes  a  good  showing  for  the  day- 
work  system.  In  considering  his  results  it  should  be  borne  in  mind 
that  this  work  was  not  done  under  the  conditions  that  usually  exist  on 
city  work,  but  under  intelligent  engineering  suj^ervision,  free  from 
political  influences.  It  was  in  fact  a  test  piece  of  work,  for  it  was  only 
after  a  long  and  bitter  contention  between  the  Board  of  Public  Works 
and  the  City  Council  of  Denver  that  it  was  decided  to  do  the  work  in  this 
manner.  It  is  not  necessary  here  to  go  into  the  reasons  that  jjrompted 
the  l)oard  to  do  the  work  by  the  day,  but  it  is  sufficient  to  say  that  it 
had  ami)le  political  reasons  for  the  step.  Having  in  the  face  of  great 
opijosition  decided  to  build  the  sewer  by  hired  labor,  the  board  realized 
that  it  was  necessary  to  make  a  record,  and  also  to  redeem  the  jirom- 
ises  made  in  its  arguments  during  the  discussion  of  the  matter.  It 
went  about  the  accomplishment  of  this  object  in  a  manner  quite  unusiial 
"with  political  bodies,  and  from  the  .start  recognized  the  fact  that  its 
wishes  could  only  be  attained  through  its  chief  engineer.  Acting  under 
his  advice  it  employed  an  intelligent  superintendent,  an  engineer  ex- 
jierienced  in  this  particular  class  of  work,  and  gave  him  almost  abso- 
lute authority  in  all  matters  pertaining  to  the  construction  of  the 
sewer.  By  this  action  it  was  ))()ssil)le  for  the  superintendent  to  do  the 
work  in  practically  the  same  manner,  and  at  about  the  same  cost  that 
it  could  have  been  done  by  contract. 
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Under  sucli  conditions  public  work  can  be  done  at  a  minimum  cost.  Mr.  Nelles. 
The  trouble  tvt.11  not  be  so  much  in  doing  the  work,  as  in  securing 
proper  conditions.  Another  important  factor  in  the  cost  of  work  done 
under  proper  supervision  in  this  manner  by  cities,  is  the  fact  that  they 
do  not  enter  into  a  binding  contract  with  themselves  to  do  the  work 
in  a  fixed  manner,  and  under  rigid  sj^ecifications,  as  is  the  case  when 
work  is  done  by  contract.  On  the  contrary  they  are  always  at  liberty 
to  make  such  change  in  methods  or  materials  as  experience  may  prove 
to  be  beneficial  and  economical  to  the  work.  Under  the  contract  sys- 
tem it  is  rarely  jjossible  to  make  such  changes,  no  matter  how  desir- 
able they  may  be,  without  raising  a  cry  of  fraud  or  violating  some  of 
the  terms  of  the  contract.  As  a  consequence  whenever  there  is  a  choice 
of  materials  or  methods  under  the  contract  system,  the  most  expensive 
to  the  contractor  is  usually  adopted. 

The  author  states  that  the  wages  paid  were  high  and  that  due  al- 
lowance should  be  made  for  this  in  using  his  figures.  It  is  the  writer's 
experience  that  within  reasonable  limits  nothing  is  lost  by  paying  good 
wages.  This  is  particularly  the  case  where  work  is  scarce,  and  where 
employment  is  Awe  to  merit  rather  than  influence.  An  examination  of 
the  scale  of  wages  paid  on  this  woi-k  shows  that  common  labor  was 
paid  more  and  skilled  labor  less  than  the  current  rates  in  Denver  one 
year  previous  to  the  construction  of  the  sewer.  It  would  naturally  be 
expected  that  this  would  increase  the  cost  of  work  done  by  common 
labor  and  decrease  the  cost  of  that  done  by  skilled  labor,  but  it  is 
shown  by  a  comparison  with  the  cost  of  similar  work  in  the  same  lo- 
cality, done  under  the  writer's  supervision  and  under  a  diflFerent  scale 
of  wages,  that  the  reverse  is  true,  and  that  the  amount  of  work  done 
per  man  varies  in  about  the  same  proj^ortion  as  the  wages  jiaid. 

It  is  the  writer's  opinion  that  in  most  cities  jsiibiic  work  can  be  done 
to  better  advantage  and  at  less  cost  by  contract  than  by  hired  labor, 
and  that  while  the  author's  work  is  a  good  example  of  the  latter  sys- 
tem, his  results  are  far  more  favorable  than  can  usually  be  obtained. 

The  form  of  centers  used  for  constructing  the  arch  is  in  many  ways 
a  great  improvement  over  the  centers  in  common  use.  They  are 
light  and  easy  to  move  and  set  up,  and  leave  the  interior  of  the  sewer 
free  from  obstructions  during  the  construction  of  the  arch.  The  cost 
of  this  form  of  centers  seems  to  be  excessive  and  would  make  their  use 
prohibitive  on  sewers  of  shorter  lengths  and  varying  sizes. 

W.  W.  FoLLETT,  M.  Am.  Soc.  C.  E. — The  work  of  keeping  the  Mr.  Follett. 
detailed  accounts  was  not  onerous.  The  executive  force  on  the  work 
consisted  of  the  engineer  in  charge,  one  assistant  engineer,  three  rod- 
men,  one  Ijookkeeper  and  two  to  four  foremen.  Prior  to  January  1st, 
1895,  there  was  also  a  siiperintendent  of  siipplies  ^nd  a  cement  in- 
spector, but  on  that  date  both  were  discharged.  The  bookkeeper 
kept  the  general  time-book,  and  made  up  the  pay  rolls  and  pay  checks, 
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Mr.  FoUett.  in  aildition  to  keeping  the  regular  book  accounts  of  supplies  furnished. 
A  laborer  acted  as  brick  inspector  under  the  direct  supervision  of  the 
engineer  in  charge,  and  reported  to  the  bookkeeper  each  night  the 
distribution  bv  sections  of  the  day's  delivery.  The  foremen  stated  on 
their  daily  reports  the  amount  of  cement  and  sand  used  on  each  sec- 
tion. The  engineer  in  charge  usually  took  the  first  Sunday  of  each 
month  on  which  to  make  up  the  distribution  sheets  for  the  previous 
month,  and  he  consqlidated  the  monthly  sheets  of  each  section  into 
the  final  one  on  stormy  days  or  evenings,  so  that  the  system  of  distri- 
bution did  not  cost  the  city  anything  over  the  usual  cost  of  supervision 
of  similar  work.  The  cost  per  foot  for  engineering  varied  consider- 
ably on  the  different  sections,  because  the  progress  of  the  work  was 
not  equally  rapid  on  all  sections,  while  the  cost  of  engineering,  being 
the  salaries  of  the  engineer  corps  and  bookkeej^er,  was  practically 
constant. 

It  was  not  the  intention  of  the  author  to  intimate  that  the  wages 
paid  were  too  high.  This  work  was  started  when  there  was  no  demand 
for  labor  and  wages  were  badly  demoralized.  Mr.  Nelles  is  in  error 
in  saying  that  skilled  labor  was  paid  less  than  it  was  one  year  previous 
to  the  construction  of  this  sewer  extension.  During  the  summer  of 
1893  there  was  absolutely  no  demand  for  skilled  labor.  He  probably 
had  in  mind  two  years  before,  when  sewer  bricklayers  were  paid  S6  to 
37,  and  stone  masons  84  per  day.  The  bricklayers  did  not  lay  as  many 
brick  per  man  on  this  work  as  they  had  formerly  done  when  working 
for  contractors,  not  because  they  were  paid  loss  for  their  labor,  but 
because  they  were  required  to  lay  the  Inick  carefully,  as  stated  by  Mr. 
Rosewater.  While  they  had  received  86  per  day  two  years  before,  the 
wages  for  bricklayers  elsewhere  in  the  city  at  the  time-  this  work  was 
under  way  were  about  $2  50.  The  bricklayers  were  receiving  as  large 
pay,  and  had  the  same  incentive  to  work,  as  the  laborers,  and  it  is 
quite  true  that  men  will  work  better  when  paid  good  wages,  especially 
when  they  know  that  time  checks  are  filled  out  in  the  office  on  very 
slight  provocation.  By  means  of  the  discipline  thus  enforced  one 
foreman  handled  18  bricklayers,  divided  into  three  gangs,  the  total 
number  of  men  on  his  force,  including  heljiers  and  laborers,  being  80. 
The  foreman  of  stone  masons  handled  about  as  many,  while  the  trench 
foreman  sometimes  had  KHI  in  his  gang.  After  the  pace  had  been  set 
and  the  quality  of  work  wanted  was  thoroughly  understood  by  the 
men,  there  was  no  difficulty  in  getting  standard  work.  The  average 
mechanic  ])refer8  to  do  good  work. 

In  this  connection  the  author  wishes  to  call  Mr.  Hardy's  attention 
to  the  fact  that  the  foremen  on  this  work  were  only  about  half  as 
many  in  number  as  the  insj)ectors  would  have  been  had  the  work  been 
done  by  contract,  while  the  other  executive  force  was  the  same,  with 
the  addition  of  a  bookkeeper. 
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The  rock  in  the  trench  was  not  hard,  except  in  a  few  places.     As  Mr.  FoUett 
stated  in  the  description  of  Sections  6  and  10,  it  was  very  soft.     Mr. 
Landreth  is  mistaken  in  his  statement  in  that  respect,  and  if  he  wiU 
examine  Table  No.  1,  he  will  also  see  that  there  was  no  rock  on  Sec- 
tions 8  and  9,  as  stated  in  his  correspondence. 

With  reference  to  the  cost  of  excavation,  pumping  and  back-filling, 
while  in  deep  trench  work  it  may  be  quite  appropriate  to  lump  these 
three  items  and  charge  them  all  to  the  cost  per  cubic  yard  of  excava- 
tion, on  work  like  that  under  consideration,  this  process  is  misleadiug. 
For  instance,  on  Section  3  there  was  but  li  cu.  yds.  excavation  per  foot, 
or,  the  excavation  being  1.5  ft.  wide,  the  average  cut  was  about  2.2  ft., 
nearly  all  of  which  was  in  water.  A  12-in.  drain  pipe,  costing  31  cents 
per  foot,  was  carried  over  this  section.  The  back-filling  amounted  to 
2.4  cu.  yds.  per  foot,  nearly  all  of  which  was  hauled  either  by  wheel- 
barrows, wagons,  or  wheel  scrapers,  the  earth  thrown  out  of  the  trench 
being  left  where  it  fell,  to  form  the  haunches  of  the  back-filling.  It  is 
manifestly  improper  to  add  the  cost  of  all  of  these  items  together  and 
divide  the  sum  by  the  amount  of  excavation,  as  Mr.  Landreth  has  done. 

The  principal  reason  why  the  rubble  masonry  cost  less  than  the 
concrete  is  that  the  former  was  made  with  Louisville  cement,  while 
Portland  was  used  in  the  latter.  Had  Portland  been  used  in  the 
rubble,  its  cost  would  have  been  about  85  90  or  $6  a  yard.  The  stone 
used  broke  square  in  the  quarry,  so  that  very  little  hammering  was  re- 
quired in  the  trench,  while  the  foreman  in  charge  had  a  peculiar  ability 
for  handling  material  with  few  laborers.  These  conditions  account  for 
the  low  cost  of  the  rubble  masonry. 

The  question  of  substituting  concrete  for  brickwork  in  the  arch  of  a 
sewer,  broached  by  Mr.  Le  Conte,  is  one  admitting  of  much  argument 
on  both  sides,  and  the  author  will  not  attempt  to  disciiss  it  here  any 
further  than  to  say  that  the  cost  per  cubic  yai'd  of  concrete  in  an  arch 
would  be  considerably  more  than  in  a  flat  bed. 

Two  factors  enter  into  the  consideration  of  the  question  of  whether 
a  city  should  do  work  by  contract  or  by  day  labor,  viz.,  the  probable 
relative  cost  of  the  two  methods,  and  the  quality  of  work  likely  to  re- 
sult from  each.  The  average  contractor  is  in  the  business  to  make  a 
profit,  while  frequently  his  work  is  handled  by  an  engineer,  the  same 
as  it  should  be  if  the  city  did  the  work.  Unless  the  work  requii'es  an 
expensive  plant,  it  seems  reasonable  to  believe  that  the  city,  under  the 
same  management,  can  save  at  least  a  portion  of  the  contractor's  pros- 
pective ijrofit.  About  two  years  i)rior  to  the  beginning  of  the  extension 
under  consideration,  the  city  had  built  by  contract  that  portion  of  the 
Delgany  sewer  above  Twenty-sixth  Street.  The  1 100  ft.  immediately 
above  Twenty-sixth  Street  is  92  ins.  in  diameter,  and  has  the  same 
cross-section  as  was  used  on  Section  1.  When  the  latter  section  was 
completed,  the  author  made  a  very  careful  and  elaborate  analysis  of  the 
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Mr.  FoUett.  cost  to  the  citv  of  the  two  jirices  of  work,  and  lie  found  that  when  due 
allowance  was  made  for  the  difference  in  cost  of  labor  and  material, 
Section  1  woiild  have  cost  the  city  some  826  50  per  foot,  including  in- 
spection and  supervision,  if  it  had  been  let  by  contract  on  a  basis  of  the 
contract  ju-ices  in  force  above  Twenty-sixth  Street,  as  against  its  actual 
cost  of  .?20  19.  This  indicates  a  saving  of  about  25%  resulting  from 
the  day  labor  plan.  In  the  case  under  consideration  the  contractor  has 
I^ending  in  the  courts  a  claim  against  the  city,  a  quite  frequent  after- 
math of  contract  work,  a  portion  of  which  he  will  eventually  collect, 
and  this  will  add  materially,  j)robably  $2  or  more,  to  the  cost  per  foot 
of  the  contract  work. 

Every  engineer  appreciates  the  extreme  difficulty  of  forcing  the 
average  contractor  to  comply  fully  with  the  specifications  when  so 
good  an  oj^portunity  oft'ers  for  successful  scamping  as  there  does  in 
sewer  work.  Mr.  Rosewater  has  mentioned  the  quality  of  work  done 
on  this  extension.  It  seems  to  the  author  that  it  must  always  be  much 
easier  to  obtain  good  work  by  day  labor  than  by  contract.  Hence,  even  if 
no  saving  in  cost  results  to  the  city,  the  better  quality  of  work  obtain- 
able should  incline  city  authorities  to  the  day  labor  plan.  The  author 
does  not  understand  why,  as  stated  by  Mr.  Nelles,  the  results  as  to  cost 
here  given  are  better  than  can  usually  be  obtained.  Any  body  of  city 
officials  can,  if  it  chooses,  divorce  politics  from  business,  and  make 
the  constniction  of  the  ptiblic  works  under  its  charge  a  strictly 
business  j^roposition,  as  was  done  on  the  Delgany  sewer.  Men  com- 
l)etent  to  handle  work  can  be  found  by  city  authorities  as  easily  as  by 
contractors,  and  the  city  can  go  into  the  market  and  buy  materials 
about  as  cheaply  as  can  the  contracting  fraternity. 
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TESTS  OF   FIRE-PROOF  FLOORING   MATERIAL. 
DISCUSSION  AND  CORRESPONDENCE 
ON  PAPER  No.  769.* 


By  Howard  Constable,  E.  W.  Lesley,  Calvin  Tomkins,  Oscar  Low- 
INSON,  George  A.  Just,  M.  J.  Btjxlek,  J.  R.  Worcester,  Fr. 
VON  Emperger,  and  George  Hill. 


Howard  Constable,  M.  Am.  See.  C.  E. — While  the  author  Avas  Mr.  Constable, 
working  with  a  center-bearing  machine  to  devise  a  fair  test  for  the 
filling  between  ii'on  beams  for  high  buildings,  the  sj^eaker  was  ex- 
perimenting in  the  direction  of  uniformly  distributed  loads.  He 
found  that  most  of  the  tests  made  by  the  manufacturers  were  carried 
out  by  bricks  jDiled  over  the  surface  and  well  bonded,  so  as  to  arch 
over  and  either  not  let  their  full  weight  come  on  the  floor,  or  else 
produce  merely  a  shearing  strain.  The  speaker  tried  steel  billets,  and 
fairly  good  results  were  obtained  by  carefully  piling  them  jjarallel 
with  the  beams  and  leaving  a  sj)ace  over  the  center  of  the  floor  to 
allow  for  deflection,  as  there  is  always  a  settlement  while  the  i^arts  of 
the  arch  come  to  bearing  and  some  deflection  as  it  is  loaded  up  to 
the  point  of  fracture.  The  machine  now  used  by  him  consists  of 
tubes  about  15  ft.   in  height  and   exactly   1  sq.   ft.    in  cross-section. 

*  "Tests  of  Fire-Proof  Flooring  Material,"  by  George  Hill,  Assoc.  M.  Am.  Soc.  C.  E., 
Trantaclumt,  Vol.  XXXIV,  p.  642. 
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Mr.  Constable.  "Water  is  run  into  the  tubes,  and  the  pressure  due  to  it  is  measured  by- 
noting  the  height  at  -which  it  stands. 

The  experiments  made  by  the  speaker,  like  those  described  in  the 
paper,  sho-w"  that  the  -vreakest  point  in  tile  floors  is  at  the  skevrback, 
and  that  it  is  important  to  specify  a  reinforcing  rib  coming  above  and 
back  of  the  edge  of  the  flange  of  the  ske-wbaek  beam.  When  the  rib 
is  lower,  the  arch  is  destroyed  quickly  under  lo-n-  total  loads. 

By  separating  the  area  tested  in  a  floor  from  the  adjoining  portion 
by  cutting  openings  across  the  arch  from  one  ske-wback  beam  to  the 
other,  the  results  do  not  indicate  the  full  strength  of  the  floor. 

A  floor  13  ft.  long  and  8  ft.  wide  -which  the  speaker  tested  recently 
■was  designed  for  a  tenement  house  where  the  legal  live  load  is  70  lbs. 
per  square  foot.  The  floor  -was  4  ins.  thick,  filled  with  German  Port- 
land cement  and  screened  cinders,  and  was  carried  by  4-in.  beams 
running  longitudinally  2  ft.  apart,  and  with  3-in.  angles  in  the  mid- 
span  4  ft.  4  ins.  apart,  riveted  vertically  to  the  4-in.  floor  beams.  This 
floor  had  a  strength  of  3-50  lbs.  per  square  foot,  corresponding  to  a 
factor  of  safety  of  five.  Where  vertical  angle  ii'ons  were  not  used  the 
factor  was  about  two,  and  where  a  2  s  2-ft.  section  of  the  concrete  -was 
cut  oflF  by  openings  from  the  remainder  of  the  arch,  the  factor  was 
reduced  to  one  and  one-half.  This  shows  that  there  is  a  great  diff'er- 
ence  in  the  strength  of  floors,  depending  upon  the  extent  to  which 
the  section  is  confined  longitudinally  as  well  as  transversely.  In 
making  tests  of  this  nature  it  is  desirable  to  use  loads  agreeing  i^-ith 
those  to  be  actually  carried.  In  one  case  the  speaker  emjjloyed  a  test 
load  of  1  800  lbs.  -per  square  foot,  which  was  beyond  the  strength  of 
the  beams  supporting  the  filling  and  made  shoring  necessary.  Such 
a  floor  has  a  needless  factor  of  safety. 

The  reason  for  the  use  of  such  an  ai:)parently  crude  method  of  con- 
struction from  an  engineer's  standpoint  is  to  be  found  in  the  desire  of 
most  people  for  flat  ceilings.  The  tile  flat  arch  enables  a  level  ceiling 
to  be  obtained  by  simply  plastering  the  underside  of  the  arch. 

Large  channels  in  a  floor,  which  may  serve  as  flues  under  certain 
conditions  in  case  of  fire,  promote  intense  combustion.  In  a  large 
building  recently  burned  in  New  York  City,  two-thirds  of  the  height 
of  the  floor  beams  was  entirely  naked  and  on  top  of  the  beams  there 
was  a  flooring  of  two  thicknesses  of  flooring  lioards.  Consequently 
there  was  a  large  channel  or  flue  between  each  two  beams,  and  these 
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channels  formed  flues  which  prevented  the  flooring  system  from  being  Mr.  Constable, 
fire-proof  in  the  present  sense  of  the  word. 

Cement  floors  and  rock-plaster  partitions  after  a  fire  and  after  water 
has  been  thrown  on  them  are  often  covered  with  small  pits  as  if  the 
water  had  slacked  the  lime  in  them.  The  appearance  indicates  that 
the  lime  may  have  been  burned  and  then  washed  away,  leaving  the 
sand  without  a  binding  material. 

R.  W.  Lesley,  Assoc.  Am.  Soc.  C.  E. — The  experiments  described  Mr.  Lesley, 
in  the  pajDer  show  that  concrete  floors  are  much  stronger  than  those 
of  hollow  tile,  a  conclusion  confirmed  by  many  tests  made  by  the 
speaker  in  Philadelphia.  The  Melan  arch,  in  which  the  concrete  is  re- 
inforced by  iron  or  steel  beams,  is  merely  one  particular  tyi^e  of  con- 
crete iron  constniction;  the  Monier  arch,  consisting  of  a  net  of  wire 
imbedded  in  concrete,  and  the  Bordenave  ai'ch,  much  used  in  France 
in  buildings  and  fortifications,  are  other  types.  Possibly  the  most  in- 
teresting example  of  the  last  type  is  the  72-in.  conduit  of  the  Venice 
"Water- Works,  which  is  made  of  concrete  strengthened  ^ith  longitud- 
inal rods  of  I-beam  shape,  wrapped  about  with  spiral  rods. 

The  Fire  Department  of  New  York  has  raised  the  point  that  when 
conci'ete  has  been  exposed  to  fire,  and  water  is  then  poured  on  it,  it 
seems  to  disintegrate  into  a  mass  of  mud.  The  floors  usually  laid  in 
New  York  in  ordinary  buildings  are  made  of  natural  cement,  common 
building  sand,  and  broken  limestone.  The  cement  will  show  more  or 
less  carbonic  acid  gas  by  reason  of  the  low  heat  at  which  it  is  calcined, 
the  sand  probably  contains  organic  matter,  and  the  limestone,  if  put 
into  a  kiln,  will  become  lime,  whether  the  kiln  be  a  10-story  building 
or  a  manufacturer's  furnace.  This  naturally  suggests  that  in  the  con- 
struction of  a  concrete  floor  intended  to  resist  fire,  the  materials  em- 
ployed should  themselves  have  been  subjected  to  fire  at  a  high  heat. 
In  other  words,  to  a  base  of  Portland  cement,  formed  by  combustion 
and  calcination  to  inciijient  vitrification,  there  should  be  added  a 
silicious  sand  or  gravel,  free  from  organic  matter,  and  broken  trap  rock, 
which  is  formed  by  fire.  In  the  case  of  a  recent  fire  in  Philadelphia, 
where  the  entire  ground  story  of  a  building  was  in  flames,  the  cement 
floor  above  withstood  the  fire,  although  on  the  same  day  the  tile  floors 
of  a  building  at  the  corner  of  Broadway  and  Bleecker  Street,  in  New 
York,  were  destroyed  in  a  fire.  At  the  time  of  the  great  fire  in  Chicago 
one  of  a  few  buildings  that  remained  standing  in  the  burned  district 
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Mr.  Lesley,  was  an  artificial  stone  structure  built  hx  the  Freer  Artificial  Stone 
Comijanv. 
Mr.  Tomkins.  Calvin  Tomkins,  Assoc.  Am.  Soc.  C.  E — The  speaker  asked  if  any 
instances  could  be  cited  of  buildings  in  New  York  City,  having  lime- 
stone concrete  floors,  where  the  limestone  had  been  converted  into 
oxide  of  lime  by  heat  during  fires  in  the  buildings. 

Regarding  the  use  of  crushed  limestone  in  concrete  as  comjjared 
with  silica  gravel  and  crushed  traja  rock,  he  thought  it  might  reason- 
ably be  said,  that,  so  far  as  any  difference  exists,  it  is  in  favor  of 
limestone,  since  this  is  cheaper  than  the  other  materials,  and  for  the 
additional  reason  that  the  effect  of  extreme  heat  on  limestone  is  to 
convert  the  carbonate  of  lime  into  the  oxide  of  lime,  and  in  this 
process  heat  is  used  uj).  This  chemical  change  begins  on  the  outside 
of  the  particles  of  stone  and  proceeds  very  slowly  toward  the  interior  ; 
it  is  only  at  a  very  high  temperature  that  any  chemical  change  is 
effected  at  all.  The  fire-proof  qualities  of  paris  green  are  accounted 
for  in  a  similar  way,  the  water  of  crystallization  being  driven  off  by 
heat  which  is  used  wp  in  the  process  of  j^erformiug  chemical  work. 
A  limestone  aggregate  in  concrete  for  arch  construction  and  for  other 
purposes  has  always  been,  and  is  now,  the  princij)al  aggregate  used 
in  New  York  City,  and  unless  some  decided  failures  due  to  its  use  can 
be  proved,  it  seemed  unfortunate  to  interfere  on  theoretical  grounds 
■with  established,  custom,  and  thereby  entail  needless  expense  on 
building  operations. 
Mr.  Lowinson.  OscAE  LowTNsoN,  Jun.  Am.  Soc.  C.  E. — In  respect  to  manufactur- 
ing buildings,  there  is  a  question  as  to  the  power  of  a  floor-arch  to 
withstand  impact,  such  as  the  falling  of  a  case  weighing  from  600  to 
1  200  lbs.  from  a  height  of  several  feet.  The  sj^eaker  had  never  suc- 
ceeded in  finding  sufficient  records  of  floor  arches  failing  iinder  impacts 
to  determine  beforehand  the  strength  in  the  arch,  and  the  information 
on  the  subject  is  meager  and  vague.  Probably  the  reason  for  the  lack 
of  failures  of  this  sort  is  shown  by  the  large  static  loads  which  tests 
like  those  described  in  the  paper  show  that  the  arches  sustain.  The 
speaker  believed  that  in  manufacturing  buildings  and  warehouses,  the 
arch  should  be  regarded  principally  as  fire-proofing,  secondary  reliance 
only  being  i)laced  on  its  strength.  His  practice  was  to  halve  to  the 
beams  the  sleeijers  carrying  the  floor,  as  this  construction  does  not 
take  u])   more  floor  space.     The  only  objection  to  siich  construction 
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is  the  formation  of  air  spaces,  ■which  is  of  secondary  importance  in  Mr.  Lowinson. 
this  instance,  because  the  floor  itself  would  burn  in  case  of  fire.     At 
the  same  time  the  surest  test  of  strength  in  an  arch  wiU  always  be  its 
oower  to  withstand  the  strains  coming  on  it,  and  he  believed  that  tests 
should  be  made  with  that  end  in  view. 

George  A.  JrsT,  M.  Am.  Soc.  C.  E.  — The  tests  made  by  the  author  Mr.  Just, 
emphasize  what  earlier  tests  in  this  direction  have  shown,  viz.,  that 
the  weakness  of  the  hollow  tile  side-construction  arch  exists  m  the 
skewbacks  and  in  the  horizontal  webs  of  the  blocks  adjoining  the 
skews,  and  that  the  end-construction  arch  v-hen properly  laid  is  much 
stronger  than  the  side-construction  arch. 

The  adoption  of  any  system  of  floor  arching  generally  depends  on 
such  practical  considerations  as  the  necessity  for  flat  ceilings,  facility 
in  construction,  cost  or  fire-proof  qualities.  The  object  is  to  get  the 
cheapest  arch  that  will  do  the  work.  Patentees  and  manufacturers 
like  to  demonstrate  the  superior  strength  of  their  own  arches,  but  as 
in  all  other  structural  Avork,  it  is  only  necessary  that  the  arch  does  its 
work  with  safety. 

It  would  seem  from  the  present  and  some  older  tests,  that  floor 
arches,  whether  old-style  common  brick,  concrete,  Melan,  metropolitan 
or  end-construction  hollow  tile,  meeting  the  requirements  generally 
found  in  buildings,  can  be  laid  to  sustain  an  ultimate  load  of  2  000  lbs. 
per  square  foot  of  arch.  The  old  hollow  tile  side  construction,  how- 
ever, even  under  the  most  favorable  conditions,  seems  hardly  to  reach 
half  this  strength. 

The  live  loads  fi^ed  by  the  present  Xew  York  Building  Law  only 
range  from  70  lbs.  in  dwellings  to  "  150  lbs.  and  upwards  "  for  facto- 
ries and  warehouses.  Hence  any  of  these  systems  can  be  used  with 
safety  in  ordinary  building  operations,  and  the  selection  of  any  one 
will  be  from  considerations  other  than  strength.  The  i^rices  too,  under 
severe  competition,  have  become  very  much  alike  for  the  difi'erent 
systems. 

In  his  experience,  the  speaker  had  never  observed  a  failure  in  floor 
arches  that  could  be  charged  to  the  system  used.  Failures  could  gen- 
erally be  traced  to  careless  laying,  such  as  applying  the  mortar  only 
to  the  edge  of  the  blocks ;  to  the  weakness  of  the  channel  irons  usually 
placed  along  the  walls, which,  when  with  little  superincumVient  weight, 
are  sheared  ofi"  and  moved  horizontally;  or  to  an  insufliciency  of  tie- 
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Mr.  JuBt.  rods;  to  placing  the  tie  rods  too  high  on  the  vreh;  or  to  the  bending  or 
removal  of  the  rods  by  the  mason,  who  often  looks  upon  them  as  more 
ornamental  than  useful,  and  as  interfering  with  the  easy  execution  of 
his  part  of  the  work.  Of  course  in  special  cases,  high  ultimate  strength 
becomes  an  important  consideration.  In  his  practice  he  had  met  cases 
in  breweries  where  the  live  and  dead  loads  amounted  to  almost  1  000 
lbs.  per  square  foot  of  floor.  In  such  cases  the  old  common  brick  row- 
lock arch  would  be  found  stronger  and  as  economical  as  any  of  the 
more  modern  svstems. 


CORRKSPONOENCE. 


Mr.  Butler.  M.  J.  BuTLEE,  M.  Am.  Soc.  C.  E. — The  author  has  not  dealt  with  the 
question  of  the  relative  fire-resisting  qualities  of  different  materials. 
Terra  cotta  has  had  a  most  extensive  and  searching  series  of  tests,  some 
voluntary,  others  involuntary.  Of  the  former,  the  best  are  those  re- 
corded in  the  American  Architect  for  March  28th,  1891,  and  of  the  latter, 
probably  the  most  severe  ever  given  any  material,  the  great  fire  in  the 
Athletic  Club  Building  in  Chicago,  in  189-4.  All  the  floors  in  the 
building  were  of  porous  terra  cotta,  and  the  entii'e  structure,  where 
protected,  was  unharmed. 

Some  recent  tests  made  under  the  observation  of  the  writer  show 
that  concrete  will  not  stand  the  harsh  conditions  incidental  to  fire.  If 
the  cement  has  not  dried  out  thoroughly,  on  exposure  to  a  high  temper- 
ature it  will  crack  and  crumble  into  pieces,  or  if  thoroughly  dried 
out  and  then  subjected  to  a  high  temperature  it  will  crack  and 
crumble  to  pieces  if  drenched  with  water  while  hot.  If  this  be  the 
rule,  what  avail  is  it  that  the  floors  be  strong;  they  will  go  down  just 
as  easily  as  though  of  wood.  More  light  is  required  on  this  point,  and 
extensive  and  authoritative  exiDeriments  are  needed  before  concrete 
can  be  considered  a  fire- proof  material. 
Mr.  Worceeter.  J.  R.  Wokcestek,  M.  Am.  Soc.  C.  E. — While  the  paper  does  not 
give  all  the  data  which  might  be  desired,  it  certainly  sheds  considerable 
light  on  the  subject,  and  it  is  a  question  whether  a  few  conclusions 
in  addition  to  those  of  the  author  cannot  be  drawn  from  the  results. 
The  great  lack  of  jiositive  information  by  which  to  determine  the 
proper  style  and  thickness  of  flooring  to  be  used  in  certain  cases  must 
have  troubled   many  engineers,  and   it    may  be   useful  to  work  out 
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whatever  reliable  tests  there  are  to  such  form  that  they  can  be  easily  Mr.  Worcester, 
used,  although  any  results  must  of  course  be  considered  as  only  jjre- 
liminary,  and  subject  to  alteration  and  improvement,  as  may  be  found 
necessary  uj^on  later  information. 

With  this  object  in  view  the  Avriter  has  extended  and  rearranged 
certain  tests  given  in  the  author's  Table  No.  3.  Nothing  has  been  done 
with  the  Melan  arches,  as  Table  No.  1  is  in  such  form  that  it  can  be 
readily  used,  and,  moreover,  the  combined  steel  and  concrete  is  sus- 
ceptible of  such  an  infinite  variety  of  modifications  that  any  general 
classification  would  be  imi308sible  from  the  data  at  hand.  With  the 
terra  cotta  and  clay  arches,  however,  there  are  comparatively  few  types 
to  deal  with. 

The  arches  built  without  mortar  have  not  been  included  for  two 
reasons;  first,  because  the  tests  show  great  irregularity  in  the  results, 
and  second,  because  in  practice  it  is  almost  always  the  case  that  mortar 
of  some  kind  is  used.  In  order  to  bring  the  results  to  the  same  basis 
for  comparison,  the  ultimate  load  has  been  reduced  to  the  equivalent 
load  per  square  foot  uniformly  distributed  on  a  60-in.  span,  assuming 
that  the  rupture  was  caused  by  the  bending  moment,  which,  of  course, 
was  not  always  the  case  in  the  side-construction  arches.  In  this  reduc- 
tion, in  a  few  cases,  it  is  not  possible  to  tell  from  the  paper  precisely 
the  length  of  arch  over  which  the  load  was  distributed,  but  it  is  be- 
lieved that  the  errors  are  not  lai-ge  on  this  account. 

TABiiE  OF  EqutvaiiEnt  Uniform  Bkeaktng  Loads. 


' 

Nominal 
depth. 

Bise  of 
arch. 

Pounds  Peb  Sqcaee  Foot. 

No.  of 
Test. 

Porous  terra 
cotta.    End 
construction. 

Hard 
material.  End 
construction. 

Hard 
Material.  Side 
conetruction. 

Remarks. 

91 

6  ins. 
8 
8 
8 

8 

8 

8 

9 
10 
10 
12 

3.5  ins. 
5 
5 
5 

6 

7 
7 
6 

7.5 
8 
10 

820 
1360 

95 

1520   "" 

96 

94 

500 
1  200 

Ultimate  strength  too 

93 

low,  but  did  not 
crack  at  a  low  fig- 
ure. 

100 

1630 

101 

1  780 

2  980 

92 

Phenomenally  high. 

97 

1180 
1240 
1710 

98 

99 

Classed      with      side 

construction  be- 
cause skewbacks 
were  so  made. 
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Mr.  Worcester.  From  this  arrangement  of  the  table  two  points  of  interest  are  ap- 
parent; first,  the  porous  terra  cotta  end-construction  is  of  about  the 
same  strength  as  the  hard  material  of  similar  form;  second,  the  ulti- 
mate strength  is  approximately  in  proportion  to  the  efifective  depth  or 
rise  of  arch.  Assuming  this  latter  conclusion  to  be  true,  it  is  possible 
to  arrive  at  a  simple  rule  for  proportioning  the  arches,  for  the  load 
per  square  foot  must  be  inversely  proportional  to  the  square  of  the 
span  and  directly  proportional  to  the  depth,  or,  expressed  alge- 
braically, ic  —  C(J  -^  I-  where  c  is  a  constant  to  be  determined  experi- 
mentally. 

To  get  at  the  proper  factor  of  safety,  it  is  interesting  to  observe  that 
in  Test  No.  101  a  slight  crack  was  observed  when  the  load  had  only 
reached  14%  of  the  ultimate  capacity.  In  many  of  the  end-construc- 
tion arches  it  is  observed  that  the  first  crack  is  noticed  very  early, 
though  the  ultimate  strength  is  great.  In  order  to  avoid  cracks  it  is 
l^erhaps  proper,  therefore,  to  take  for  a  working  load  not  over  one- 
eighth  the  least  of  the  crushing  loads  for  end  construction,  which 
would  give  a  value  of  c  in  the  above  formula  of  720,  supposing  d  to  be 
in  inches  and  I  in  feet. 

The  following  table,  based  upon  this  formula  of  w  =  720  (/  -;-  I', 
may  be  taken  as  giving  safe  loads  per  square  foot  for  arches  similar  to 
those  represented  by  the  author's  tests,  though  possibly  the  figures 
approach  those  at  which  slight  cracks  may  be  expected.  So  far  as 
shearing  strength  is  concerned,  while  the  factor  of  safety  may  not  be 
great  in  this  respect  for  the  short  spans,  in  no  case  would  the  table 
allow  a  shear  per  square  foot  as  great  as  the  least  under  which  any  arch 
tested  failed  by  shearing. 

Table  of  Limiting  Loads  Pek  Squake  Foot  fob  Tekra  Cotta  akd 

Clay  Akches. 


Effective 
depth. 

Spam  of  Abch  ob  Distance  Between  Beams. 

Nominal 
depth. 

3  ft. 

4  ft. 

6  ft. 

en. 

7  ft. 

8  ft. 

6  Ids. 

8 
10 
12 

3.6  ins. 
6 

7.6 
9 

280  lbs. 
i80 
600 
720 

164  IbB. 
270 
337 
406 

100   lbs. 
178 
216 
260 

120  lbs. 

160 

180 

110  lbs. 
136 

100  lbs. 
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Fe.  von  Empergek,  Esq. — The  tests  of  hollow  tile  floor  arches  with-  Mr.vonEm- 

perger. 
out  mortar  joints  are  particularly  valuable  because  they  enable  engi- 
neers who  do  not  care  to  rely  on  the  strength  of  mortar  in  such  joints 
to  ascertain  what  loads  an  arch  will  carry  if  the  joints  are  badly  made  or 
the  centers  struck  too  early.  The  writer  believes,  however,  that  the 
results  of  some  of  the  tests  are  open  to  question,  this  impression  being 
received  while  witnessing  Test  No.  92,  in  which  the  load  was  dis- 
tributed over  nearly  the  whole  span  by  planks.  In  such  a  ease  the 
center  of  the  arch  bends  and  relieves  itself  almost  entirely,  while  the 
load  is  applied  chiefly  near  the  skewbacks.  This  can  be  seen  in 
Plate  X*,  Figs.  2,  3  and  8,  and  still  better  in  Fig.  8,  page  557,*  where 
cracks  appear  only  in  the  skewbacks,  in  consequence  of  the  load 
coming  upon  them  alone.  A  comparison  of  Tests  Nos.  92  and  95  gives 
rather  conclusive  evidence  on  this  matter.  Arch  No.  92,  having  a  span 
of  65  ins.,  had  frozen  mortar  and  was  but  24  hours  old  when  tested,  yet 
it  did  not  break  at  2  545  lbs.  per  square  foot.  Arch  No.  95,  having  a 
span  of  60  ins.,  and  built  of  the  same  style  of  blocks,  with  a  covering  of 
mortar  over  the  top,  was  three  months  old  when  tested,  yet  it  failed 
under  a  load  of  1  534  lbs.  per  square  foot  (Table  No.  3  gives  767  lbs.). 
The  only  ajDparent  reason  for  such  a  difference  is  that  the  first  arch  was 
loaded  over  95%  of  its  area,  and  the  weight  was  transmitted  by  the 
manner  of  loading  to  the  I  beams,  while  only  5%  of  the  area  of  the 
second  arch  was  loaded.  The  writer  therefore  believes  that  in  study- 
ing the  paper,  attention  should  not  be  paid  to  such  tests  as  were  made 
with  distrilrated  loads.  The  results  of  the  tests  with  center  loads  are 
given  in  the  table  on  page  134,  the  only  change  made  in  the  author's 
figures  being  to  double  the  center  loads  mentioned  in  the  jsaper, 
because  an  error  is  made  in  comparing  distributed  and  center  loads 
when  the  latter  are  not  doubled. 

The  writer  believes  the  last  form  given  in  the  table  to  be  the  best, 
but,  considering  the  forms  now  in  the  market,  the  end  construction  is 
to  be  preferred,  mainly  because  the  tests  of  this  form  with  and  without 
mortar  joints  showed  considerable  similarity  in  strength,  while  this 
was  not  the  case  with  the  side-construction  blocks.  The  maximum  live 
loads  these  floors  are  adapted  to  carry  may  be  determined  by  the  fol- 
lowing rule  devised  by  the  writer  :  The  sum  of  the  maximum  live  load 
proposed  and  one-third  of  the  dead  load  must  not  exceed  one-eighth 

*  See  Transactions,  Vol.  XXXIV. 
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Mr.  von  Em-  of  the  average  strength  as  determined  bv  at '  least  three  tests.     None 

perger. 

of  these  tests,  however,  should  show  a  strength  less  than  three- 
fourths  of  the  average,  or  six  times  the  sum  of  the  live  load  and  one- 
third  the  dead  load.  Under  this  rule  end-construction  tile  arches 
with  8-in.  blocks  and  60-in.  spans  have  a  permissible  live  load  of 
nearly  200  lbs.  per  square  foot.  The  calculations  on  page  528  of 
Volume  XSXIV  of  the  TransacHnna  must  be  corrected  accordingly. 

All  Melan  and  concrete  arches  described  in  the  first  part  of  the 
paper  were  tested  with  center  loads,  and  the  writer  believes  that  the 
loads  per  square  foot  given  in  the  table  in  the  paper  should  be  doubled. 
The  most  apparent  diflFerence  between  the  failure  of  Melan  arches  on 

Breaking  Loads  of  Hollow  Tile  Akches. 


Test  num- 
ber. 

Breaking  load. 

Construction. 

Rise.    Inches. 

Span.  Inches. 

Pounds  per 

Joints. 

square  foot. 

1* 

Side. 

9 

72 

856 

With  mortar. 

93 

'„ 

6 
5 

60 
60 

1  336 

762 

f  I 

94 

« 

109 

" 

5.5 

60 

600 

Without  mortar. 

110 

" 

5.5 

60 

1000 

•• 

112 

" 

5.5 

60 

500 

" 

113 

'■ 

5.5 

60 

550 

•• 

95 

End. 

5 

60 

1534 

With  mortar. 

96 

5 

60 

1714 

• 

100 

101 

" 

7 

7 

8.75 

9 

9.5 

9.25 

60 
60 
60 
60 
60 
60 

1838 
1994 
1478 
2  380 
1  202 
1446 

102 

, 

103 

, 

107 

. 

108   

< 

2* 

Side. 

9 

72 

1  616 

*  See  Tramactions,  Vol.  XXXIV,  p,  528. 

the  one  hand  and  concrete  and  tile  arches  on  the  other  hand  is  that 
the  concrete  of  the  former  simply  cracked,  while  the  latter  dropped  to 
the  ground.  In  the  latter  case  the  tie  rods  were  entirely  uninjured, 
■while  in  the  Melan  arch  tests  they  failed.  Arch  No.  81  failed  through 
the  rupture  of  a  tie  rod,  as  did  Arch  Nos.  82-83,  although  this  fact  is 
not  recorded.  In  Arch  No.  84  the  tie  rod  was  slack,  and  the  writer 
desired  to  have  the  test  omitted  altogether  as  valueless.  The  tests  of 
Arches  Nos.  81  and  83  gave  breaking  loads  of  3  334  and  6  520  lbs.  per 
square  foot  (the  table  in  the  i^aper  gives  half  these  loads)  and  are 
very  satisfactory,  but  do  not  give  full  justice  to  the  arches. 

In  testing  floor  arches  the   load  a  which  they  are  built  to  carry 
corresponds  with  a  horizontal  thrust  //.       The   breaking   load   A    or 
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8  a   produces  a   horizontal  thrust   8^.      The  tie   rods   usuallv  made  Mr.  von  Em- 

perger. 
have  a  factor  of    safety  of  4,   so    that  their    elastic  limit  is   reached 

when  the  horizontal  thrust  becomes  2h.  If  the  load  8 a  is  to  be 
used  in  testing  arches  and  the  elastic  limit  of  the  metal  in  the 
ties  is  not  to  be  exceeded,  four  ties  must  be  provided  for  tests  in 
■which  one  only  is  commonly  used.  The  tests  of  tile  and  plain  con- 
crete arches  showed  the  reliability  of  the  material  employed  because 
the  tie  rods  remained  intact,  while  on  the  other  hand  the  rods  em- 
ployed in  the  Melan  arch  tests  were  entirely  inadequate.  In  using 
flat  iron  ties  bent  around  the  lower  flanges  of  the  spandrel  beams, 
the  writer  intended  to  make  a  connection  where  there  would  be  no 
means  of  screwing  the  arch  tight  after  it  was  built,  and  thus  in- 
creasing its  strength.  The  rods  were  of  poor  material  and  presum- 
ably bent  cold,  as  they  opened  like  the  fingers  of  a  hand;  they  were 
applied  too  low  to  give  proper  resistance  to  the  thrust,  and  they 
■were  not  tight  enough  from  the  start ;  in  fact  only  tie  rods  ■with  nuts 
and  screws  should  be  used.  For  these  reasons  the  writer  believes 
that  the  results  of  Tests  No.  81  and  83  do  not  correspond  -with  the 
breaking  loads  of  the  arches,  although  they  may  be  very  near  them. 
The  cracks  which  appeared  were  simply  a  consequence  of  the  in- 
crease in  the  span  caused  by  the  stretching  of  the  ties. 

Arch  No.  87,  which  had  been  loaded  in  Tests  Nos.  78,  79  and  80,  is 
the  only  one  where  neither  arch  nor  tie  rods  were  injured;  it  carried 
3  890  lbs.  per  square  foot.  This  amount  is  douVle  that  given  in  the 
paper,  but  as  a  matter  of  fact  it  is  not  large  enough,  as  the  load 
■was  applied  eccentrically.  The  -wiiter  does  not  believe  that  this 
eccentricity  will  amount  to  much  in  the  case  of  small  spans. 

A  comparison  of  Test  Xo.  77,  made  on  a  bent  iron  beam  which 
failed  under  14  000  lbs.,  and  a  plain  concrete  arch  which  failed  com- 
pletely under  31  250  lbs.,  leaving  the  tie  rods  uninjured,  ■with  Test 
No.  83,  made  on  an  arch  which  carried  58  750  lbs.  until  the  tie  rod 
failed,  shows  very  well  the  use  of  the  combination  of  iron  and  concrete. 
The  condition  of  the  concrete  of  Test  No.  83,  after  the  load  was 
withdrawn,  is  described  in  the  paper,  and  indicates  that  it  is  incorrect 
to  speak  of  a  failure  in  this  concrete,  in  the  full  sense  of  the  word. 
The  iron  ribs  were  taken  out  with  a  sledge  and  found  to  be  with- 
out any  permanent  deflection. 

The  ■writer  desires  to  draw  attention  to  the  eight-day  test  of  Melan 
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Mr.  von  Em-  arches,  as  the  fact  that  thev  would  carry  any  load  at  all  after  such  a 
short  time  has  been  doubted.  Such  tests  have  not  been  made  before, 
and  are  of  importance  as  indicating  the  length  of  time  centers  must 
be  left  in  place,  and  whether  the  arches  can  be  loaded  immediately 
after  the  centers  are  struck.  They  show  that  the  arches  are  suffi- 
ciently safe  after  eight  days  to  allow  walking  on  them,  and  Test  No. 
80  indicates  that  they  will  carry  any  load  that  may  come  upon  them 
during  subsequent  building  operations.  Taking  the  results  of  the 
tests  and  submitting  them  to  the  writer's  rule  given  on  page  133,  it 
will  be  seen  that  the  permissible  live  load  for  the  light  Melan  arches 
is  500  lbs.  per  square  foot,  and  that  for  the  heavy  type  is  over  1  000 
lbs. 
Mr.  Hill.  Geokge  HHiii,  Assoc.  M.  Am.  Soc.  C.  E.  — In  closing  the  discussion, 
the  author  submits  in  the  table  on  page  1.39  the  results  of  an  additional 
series  of  tests  made  recently  at  the  Ireland  Building,  in  New  York  City, 
of  commercially  constructed  fire-proof  arches  under  various  methods  of 
loading.  The  arches  were  in  all  cases  8-in.  side-construction,  hard 
tile  protection  skews  of  50-in.  span.  Tests  were  made  with  con- 
centrated loads  api^lied  centrally  and  eccentrically,  and  with  distributed 
loads  on  entire  bays  and  on  sections  cut  from  the  bays.  The  dis- 
tributed loads  were  applied  by  means  of  cribwork,  consisting  of  3  x  4- 
in.  yellow  pine  sticks  1  in.  apart  in  the  clear,  decreasing  in  length 
and  giving  a  true  condition  of  uniform  loading,  as  was  demonstrated 
by  series  of  levels  taken  throughout  an  entire  test,  showing  that  the 
arch  curved  uniformly  over  its  span.  These  tests  show  the  marked  in- 
fluence of  length  on  strength,  the  inappreciable  influence  of  the  tie 
rod  as  a  separating  member,  its  small  value  in  intermediate  spans 
where  the  skewback  beams  are  framed  at  both  ends,  and  the  great 
value  of  filling  as  a  means  of  distributing  the  load.  They  also  serve 
to  indicate  how  great  must  be  the  capacity  of  a  testing  machine  to  give 
its  results  po.sitive  value. 

The  machine  described  by  Mr.  Constable  is  one  which  the  author 
thought  of  early  when  considering  the  question  of  design,  and  dis- 
carded for  the  following  reasons:  First,  because  of  its  very  limited 
cajjacity ;  second,  because  in  an  arch  of  great  flexibility  or  elasticity 
there  would  be  danger  of  the  tubes  touching  at  the  top,  concentrating 
their  weight  on  lines  of  the  base  instead  of  over  their  entire  area; 
third,  because  they  are  liable  to  freeze  in  cold  weather;  fourth,  be- 
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cause  in  failure  there  is  the  likelihood  that  the  tubes  will  pass  down  Mr.  Hill, 
into  the  ground,  may  be  ruptured,  may  rupture  their  connections, 
starting  the  water  everywhere,  and  must  be  lifted  out;  fourth,  because 
the  weight  is  transmitted  beyond  the  skewback  beams  to  their  con- 
nections, thus  straining  the  entire  framing  around  them  to  an 
unknown  amount. 

The  author  considers  the  practice  announced  by  Mr.  Lowinson  of 
disregarding  the  strength  of  the  fire-proof  arches  is  very  far  from  being 
good  engineering,  since  it  is  only  necessary  to  employ  a  carefully  de- 
signed form  of  floor  arch,  to  have  adequate  strength  without  any  ad- 
ditional expense,  and  to  save  the  cost  of  the  wooden  construction. 

The  correspondence  by  Mr.  Worcester  and  Mr.  Von  Emperger  em- 
phasizes the  remark  in  the  paper  that  the  tests  do  not  afford  sufficient 
data  from  which  to  draw  conclusions,  since  in  one  case  the  arches  laid 
without  mortar  are  specially  referred  to,  while  in  the  other  case  they 
are  expressly  thrown  out.  Disregarding  the  derivation,  the  table  of 
limiting  loads  per  square  foot  given  by  Mr.  "Worcester  is  reasonably 
correct.  Its  value,  however,  except  under  unusual  conditions,  is 
minimized  by  the  fact  that  other  considerations  make  it  desirable  to 
employ  an  arch  that  is  as  deep  as  the  beam  which  serves  as  its  skew- 
back.  The  cracking  mentioned  is  due  to  inequality  of  bearing,  and  does 
not  affect  the  strength  seriously. 

Taking  up  Mr.  Von  Emperger's  communication,  the  author  would 
say  that  throughout  the  whole  of  test  No.  92  the  center  of  the  arch  re- 
ceived its  full  loading,  and  was  in  no  case  relieved.  Referring  to  Plate 
X,*  Figs.  2,  3  and  8,  it  will  be  observed  that  in  Fig.  3  the  blocking  is 
bent.  In  Figs.  2  and  8  the  arch  had  failed,  but  in  both  cases,  imme- 
diately prior  to  failure,  the  load  was  uniformly  distributed  over  the 
entire  area  of  the  arch.  Referring  to  Fig.  8  of  this  plate,  it  will  be 
evident  from  the  horizontal  direction  of  the  cracks  that  the  arch  failed 
along  true  thrust  lines,  as  was  shown  clearly  in  the  blocks.  Mr.  Von 
Emperger  did  not  see  these  tests,  and  so  the  error  is  explicable. 

Referring  to  Test  No.  92,  the  arch  was  loaded  until  the  extension  of 
the  tie  rods  by  horizontal  thrust  opened  the  bottom  joint  as  described, 
and  caused  a  spall  the  size  of  a  thumb  nail  at  the  top.  Had  the  condi- 
tions been  as  stated  by  Mr.  Von  Emperger,  this  could  not  have  occurred. 
The  reason  for  the  great  strength  was  that  the  freezing  of  the  mortar 

*  Transactions,  Vol.  sxxiv,  p.  665. 
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Mr.  Hill,  gave  an  absolutely  homogeneous  joint  of  great  compressive  strength, 
which  developed  to  the  fullest  extent  the  strength  of  the  blocks. 
Test  No.  55  failed,  not  because  of  the  concentrated  load,  but  because 
of  the  porous  terra  cotta  ske-wbacks,  the  failure  in  which  began  at 
42%  of  the  maximum  load.  The  statement  made  concerning  the 
character  of  the  tie  rods  used  in  the  Melan  system  tests  is  an  error,  as 
the  broken  pieces  which  the  author  has  in  his  possession  show  a  break 
square  across  below  the  bend.  By  reason  of  these  inaccuracies,  the 
author  considers  it  unnecessary  to  discuss  this  correspondence  further. 

Comparing  Table  No.  3*  with  the  table  on  the  opposite  page, 
a  very  wide  difference  between  test  and  actual  conditions  will 
be  noticed  immediately,  and  the  author  therefore  feels  that  he  has 
accomiDlished  the  purjjose  for  which  the  tests  up  to  No.  11-4  were  in- 
augurated when  he  emphasizes  the  three  conclusions  drawn  at  the 
close  of  the  paper. 

Coming  to  the  commercial  consideration  of  the  arches,  it  is  neces- 
sary to  remember  that  wood  in  the  floors  is  being  gradually  eliminated, 
and  that  within  a  short  time  it  is  probable  that  the  universal  practice 
will  be  to  lay  concrete  immediately  over  the  floor  arches,  covering 
them  or  not  according  to  the  uses  to  which  the  rooms  are  to  be  put. 
TVhen  this  is  done,  the  concrete  being  more  expensive  than  the  blocks, 
an  arch  block  will  be  used,  so  as  to  fill  the  void  to  the  top  of  the  beam 
flange.  All  kinds  of  material  are  used  in  the  arches  for  jointing,  good, 
bad  and  indifferent  mortar,  frozen  mortar  or  mud;  and  if  it  is  prac- 
ticable to  fulfil  all  of  the  conditions  required  of  the  floor  arches  with- 
out additional  expense,  and  secure  in  addition  sufiicient  strength  to  be 
indejjendent  of  the  character  of  the  mortar,  engineers  will  be  relieved 
of  considerable  anxiety.  Voids  between  the  top  and  bottom  surface 
of  the  floor  are  undesirable  if  continuous,  as  they  serve  no  useful 
purpose. 

Taking  up  now  the  tests  under  practical  conditions,  it  is  safe  to 
draw  the  following  conclusions: 

First. — -The  ordinary  practice  of  shallow  arches  and  cinder  filling, 
using  the  side-construction  protection  skew,  leaves  an  insuflBcient 
margin  of  strength  for  any  purpose  except  that  of  office  buildings. 

Second. — The  architect  in  specifying  for  the  strength  of  floor  arches 
should  state  all  of  the  conditions  under  which  the  tests  will  be  made, 

*Trantacliom,  Vol.  xxxiv,  p.  567. 


COREESPONDENCE   ON  TESTS   OF   FIEE-PROOF  FLOORS.        139 


o 


o 


^ 


^  " 


•;aaj    -noiJoaBoa 


^  c  =  2  g  a  -^ 


,2  5  © 

S3"      S 


OOO»-lOC00Oi-lO00i-"00 

c  d  o  o'  d  d  o  o  o  s  d  d  o  d  o  o 


•pBOT[ 


OS       o 


•AV9^8  Tooj  aad  jcoqg 


•epnnoi 


oooooooooooooooooooiao 


iotocJ'>*««i=CT"'*e> 


•eeiB  papBoi 


ooooooooir;iccsoiai30000o»^o 


•qojy 


iH  <M  rt 
00  S  O 
■*  O  « 


•*o  c»oo 

^  Ci  U3  CC 
O  =  t-  c: 


O  CO 

•o  o 


•spnnoa    "PBoi  tB;ox 


oooooooooooooooooo 
laoooooooot-  ^ - 


-OoooooooSo 

.1  rt -H  r-l  tH         r-l         d  d  r-l  i-H  1— 1-1  c»  rH         rH 


•papEOi 


05  »«  SC  «  M  M  COM  l«  >0         00  00X00         99  0  00  99 

dsddooddooddsdododddd 


Mr.  HiU. 


•l«lox 


oo<05£  oDodflc  dd 


•saqoui  'mp!AV 


uaqmnn  %B9j, 


IOO'4I>*<«000000'«'«'«'4IOOCO 
O  C«  dd 


»*«Dt*00010t-«C^C»5^0'—  t- 


SOi  O  ^  C)  «  * 
d  n  m  «  CO  « 


140        CORRESPOXDEN"CE   OX   TESTS   OF   FIRE-PROOF   FLOORS. 

Mr.  Hill,  since  the  strength  of  an  arch  5  ft.  long  is  totally  different  from  the 
strength  of  an  arch  built  of  the  same  blocks  15  ft.  long,  the  strength  of 
the  arch  when  covered  different  from  the  strength  of  the  arch  without, 
and  the  strength  of  the  concrete  cover  different  from  the  strength  of 
the  cinder  cover.  The  strength  per  square  foot  when  loaded  with  a 
concentrated  load  is  different  from  the  strength  per  square  foot  with  a 
uniformly  distributed  load,  and  the  effect  of  a  uniformly  distributed 
load  different  under  different  conditions  of  distribution,  the  most 
satisfactory  result  being  obtained  where  an  elastic  material  like  wood 
is  employed  under  proper  conditions  to  effect  the  distribution. 

Third. — ^As  a  general  lesson  to  be  drawn  from  all  of  the  tests,  no 
test  can  be  of  full  value  that  is  not  carried  to  the  destruction  of  the 
arch. 
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WITH  DISCUSSION. 

The  following  paper  is  -m-itten  for  the  purpose  of  giving  in  logical 
sequence  the  operations  of  engineers  on  the  lower  Mississippi  River 
in  dealing  with  the  problem  of  bank  i^rotection,  as  derived  from 
personal  knowledge  and  exi^erience  and  information  on  the  subject 
gleaned  from  the  scattered  appendices  in  the  reports  of  the  Chief  of 
Engineers  of  the  United  States  Army.  Much  valuable  engineering 
knowledge  is  buried  in  these  executive  documents  that  can  be  resur- 
rected with  great  difficulty,  as  the  diflferent  members  of  one  subject 
have  often  been  interred  in  many  volumes,  frequently  covering  a  con- 
siderable range  of  years. 

By  the  lower  Mississippi  is  meant  that  portion  of  the  river  from 
Cairo  to  the  mouth,  which  is,  strictly  speaking,  an  alluvial  stream,  its 
waters  charged  with  sediment  received  from  its  tributaries  and  taken 
from  its  crumbling  banks,  the  amount  varying  with  its  course  from 
bend  to  bar.  It  flows  through  an  alluvial  plain,  in  great  part  formed 
by  its  own  agency. 
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It  is  the  purpose  of  the  author  to  give  a  brief  description  of  the 
different  kinds  of  revetments  used  to  protect  the  banks  of  the  river 
from  erosion,  their  cost,  manner  of  construction,  and  the  results  ob- 
tained by  their  use.  The  relative  value  of  different  methods  of  river 
improvement,  the  success  and  cost  of  certain  projects  or  lines  of  pro- 
cedure as  a  -whole,  -will  not  be  discussed.  The  author  will  confine 
himself  strictly  to  the  details  of  construction  and  their  evolution  from 
the  cruder  methods  of  twenty  years  ago  to  the  more  advanced  practice 
of  the  present  day. 

It  is  a  well-known  fact  that  revetment  made  of  brush,  cane,  straw, 
etc.,  has  been  used  in  Europe  and  Asia  for  the  protection  of  river 
banks  and  levees  for  many  years,  and  it  is  therefore  not  a  novelty; 
but  the  manner  in  which  it  is  constructed  differs  very  considerably, 
even  in  this  country,  varying  from  the  log  mattress  of  the  sea  wall  to 
the  closely  woven  fascine  revetment  of  the  non-tidal  stream. 

It  is  customary  in  i^rotecting  the  banks  of  a  river  to  use,  if  possible, 
the  material  found  in  most  abundance  and  procured  most  economi- 
cally in  the  immediate  vicinity  of  the  imiDrovement.  On  the  lower 
Mississippi  the  foreshores,  bars  and  low-lying  lands  are  covered  to  a 
great  extent  with  an  abundant  growth  (thousands  of  acres)  of  willow 
and  Cottonwood  saplings  that  can  be  woven  into  mattresses  with  great 
facility,  when  cut  and  shipped  to  the  working  ground.  Stone,  though 
not  so  plentiful,  is  obtained  at  reasonable  prices  from  the  quarries  of  the 
bluff  formation  of  the  Mississippi,  the  foot-hills  of  the  Ozarks  on  White 
River  and  other  portions  of  Ai'kansas,  and  also  from  Alabama,  but  a 
few  hours  distant  by  rail  from  the  lower  river;  and  as  ballast  from 
vessels  in  the  port  of  New  Orleans.  The  other  articles  of  which  the 
revetment  is  manufactured — spikes,  wire,  cable,  manilla  rope,  staples, 
etc. — are  purchased  generally  in  a  northern  market.  The  labor  em- 
ployed is  procured  from  the  floating  white  population  of  the  country 
and  the  colored  residents  of  the  southern  States  bordering  on  the 
Mississippi. 

The  i:)urpose  of  the  revetment,  as  before  stated,  is  to  prevent  the 
bank  caving  (which,  without  protection,  is  constantly  occurring  on 
the  concave  side  of  the  river),  and  thus  reduce  the  load  of  sediment 
carried  to  the  bar,  j^reventing  its  rapid  growth;  to  maintain  a  normal 
width  and  depth  in  the  bends,  and  to  protect  valuable  property  in 
danger  of  being  destroyed  by  the  constant  action  of  the  currents. 
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Tlie  diflScultv  of  constructing  and  maintaining  works  of  this  char- 
acter on  the  Mississippi  Eiver  is  very  great,  owing  to  the  excessive 
variation  in  the  height  of  water  surface  and  the  volume  of  discharge, 
the  great  depths,  swift  and  changing  currents  in  the  caving  bends, 
and  the  short  season  when  the  water  is  at  a  stage  sufficiently  low  to 
admit  of  building  and  sinking  mattresses. 

The  methods  at  first  adopted  on  the  lower  Mississippi  to  keep  the 
banks  from  caving  were  similar  to  those  in  use  on  the  ^lissouri,  which, 
though  a  smaller  stream,  is  subject  to  much  the  same  conditions  of 
flow  and  bed.  The  first  revetment  used  on  the  lower  river  was  purely 
local  and  for  the  protection  of  property,  and  not  with  a  view  to  bet- 
tering navigation  or  in  any  way  improving  the  river  for  the  purposes 
of  transportation.  Prior  to  1878,  as  the  river  at  Memphis  had  been 
encroaching  on  the  shore  in  the  vicinity  of  Wolf  Eiver  and  below, 
threatening  the  destruction  of  valuable  business  houses  and  other 
property,  an  appropriation  was  granted  by  Congress  to  be  expended 
under  the  direction  of  a  United  States  engineer  officer,  for  the  amelio- 
ration of  these  very  serious  conditions. 

At  Vicksburg,  in  the  spring  of  1876,  a  cut-off  occurred,  leaving  the 
city  on  the  bank  of  a  lake,  the  west  side  of  the  new  channel  having 
rapidly  caved  away,  thus  carrying  the  navigable  water  farther  and 
farther  from  the  town  wharves  and  landing.  To  check  this  action,  on 
the  recommendation  of  a  board  of  United  States  engineer  officers. 
Congress  allotted  funds  for  the  promotion  of  a  project  of  improvement 
having  as  an  essential  factor  the  prevention  of  the  bank  caving  at 
Delta  Point. 

At  Xew  Orleans  a  project  was  formulated  by  the  United  States  engi- 
neer officer  in  charge  of  that  district  for  the  protection  of  the  wharves 
threatened  by  the  scouring  action  of  the  water,  the  purpose  being  to 
build  a  timber  Inilkhead  in  about  a  line  with  the  outer  edge  of  the 
wharves,  and  also  to  carjjet  the  slo^je  below  that  line  with  mattresses. 
In  1878  money  was  obtained  from  Congress  and  the  next  year  work 
was  commenced.  The  methods  emjjloyed  by  Captain  Eads  on  the 
jetties  at  the  mouth  of  the  river  will  not  be  considered,  as  that  work 
consisted  in  the  building  of  new  (artificial)  banks  rather  than  the 
protection  of  the  natural  ones,  and  also  as  the  conditions  directly  at 
the  gulf  are  so  dissimilar  to  those  existing  above.  The  lower  reach  at 
the  jetties  partakes  somewhat  of  the  character  of  a  tidal  estuary,  as 
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■well  as  a  sedimentary  river,  though  no  tidal  in:fiow  is  perceptible  at 
the  surface. 

The  lower  Mississippi  River  flows  through  alow-lying  land  subject 
to  inundation,  composed  for  the  most  part  of  sedimentary  deposit 
formed  by  the  river  itself,  though  undoubtedly  having  its  origin  at 
some  points  at  a  period  remotely  antecedent  to  the  fluvial  existence. 
The  material  as  exposed  in  the  caving  banks  is  found  generally  in 
horizontal  strata  of  varying  thickness  and  consistency,  no  definite 
order  being  maintained,  the  position  of  each  layer  having  been  de- 
termined by  the  special  locality,  and  its  location  relative  to  the  cur- 
rent of  the  river  during  its  formation.  A  section  of  the  bank  at  Delta 
Point  above  low  water  shows  a  thick  top  layer  of  soil;  then  buckshot; 
then  sand;  then  a  thin  layer  of  clay  and  buckshot;  then  sand;  then  yel- 
low clay ;  then  sand,  underlaid  by  a  thick  layer  of  blue  clay  reaching 
to  low- water  level.  At  some  points  the  section  is  mainly  sand;  at 
others,  the  major  portion  is  buckshot,  the  latter  being  a  tenacious  black 
clay,  which,  if  continuous  and  not  intersected  by  layers  of  sand  or 
lighter  material,  would  withstand  the  action  of  the  water  almost  as 
successfully  as  rock.  This  indicates  how  imjjossible  it  would  be  to 
modify  the  form  of  -revetment  to  suit  each  arrangement  of  strata, 
changes  in  which  may  occur  in  less  than  100  ft.  length  of  bank. 

The  object  has  been  to  endeavor  to  construct  all  revetment  suf- 
ficiently strong  to  protect  the  weakest  material.  The  position  of  the 
strata  and  the  drainage  of  the  back-lying  lands  are  also  potent 
factors  in  the  problem  of  improvement  by  revetment,  as  the  lighter 
strata,  sand,  etc.,  act  as  drains  for  the  ground- water  at  low  stages, 
causing  much  damage  by  sloughing. 

The  position  and  extent  of  the  soft  strata  in  the  bank,  the  drainage 
of  the  adjacent  land,  the  degree  of  curvature  of  the  bend,  the  slope 
and  velocity  of  the  water,  the  position  and  depth  of  the  channel,  the 
kind  of  growth  on  the  land,  and  the  stage  of  the  river,  determine  the 
extent,  rapidity  and  kind  of  caving.  Most  of  the  bank  caving  occurs 
at  medium  high  stages  of  river,  and  is  specially  extensive  on  a  rapid 
decline  after  a  continued  high  water.  The  channel  of  the  river  in  the 
bends  probably  deepens  or  scours  at  most  i^oints  during  the  high 
water  and  rising  river,  when  the  velocity  is  greatest;  but  the  actual 
caving  of  the  bank  does  not  as  a  rule  take  place  until  the  support  of 
the  water  has  been  taken  awav. 
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At  some  points  the  bank  caves  at  all  stages,  this  action  being  caused 
principally  by  abrasion;  while  at  others,  the  combined  action  of  the 
seep  or  drainage  water  through  the  soil  and  the  undermining  of  the 
foot  of  the  slope  causes  what  is  termed  sloughing.  This  kind  of  caving 
is  most  difficult  to  contend  with,  the  bank  often  sliding  out  in  great 
sections,  carrying  with  it  willows  and  stone  and  necessitating  a  re- 
adjustment of  the  work  for  some  distance  above  and  below.  At  the 
bank-full  stage  in  many  places  the  thread  of  maximum  velocity  occu- 
pies a  position  approaching  more  nearly  the  center  of  the  stream,  thus 
decreasing  the  scouring  action  at  the  sides.  * 

Vicksburg  Harbor,  1878  to  1881.— The  first  work  at  Delta  Point, 
opposite  Vicksburg,  consisted  of  the  revetment  of  the  bank  below 
medium  low  water,  it  being  expecte'd  that  the  upper  bank  would  be 
graded  to  a  gentle  slojie  by  the  action  of  the  water,  not  needing  other 
protection. 

The  plant,  labor  and  materials,  with  the  exception  of  rock,  used  in 
the  earlv  construction  was  furnished  bv   the  Government,  the  rock 


Fig.  1. 

being  contracted  for.  The  protection  work  consisted  of  willow  mat- 
tresses 50  ft.  wide  by  1.50  ft.  long,  constructed  on  floating  ways.  An 
attempt  was  made  in  November,  1878,  to  use  stationary  laud  ways,  but 
they  caved  into  the  river,  and  the  method  was  abandoned.  The  float- 
ing ways  or  barge  on  which  the  mattress  was  manufactured  consisted 
of  two  coal  boats,  each  165  ft.  long,  with  the  gunwales  cut  down,  placed 
parallel  to  each  other  and  bolted  together  (see  Fig.  1).  On  them  the 
ways  proper  were  erected,  having  inclined  skids  6  ft.  apart  running 
across  the  barge,  supported  at  intervals  of  4  ft.  by  posts.  The  upper 
end  of  the  skids  or  nins  was  8  ft.  above  the  gunwales,  the  lower  end 
resting  on  the  barge.    This  inclination  jn-ovedtoo  slight  for  starting  the 

*  A  recorded  instance  of  bank  caving  occurred  in  Gouldsboro'  Bend,  New  Orloaus  Harbor, 
December  14th,  1887.  Just  above  a  spur  dike,  a  mass  of  earth  in  the  shape  of  a  semi-ellipse 
in  plan,  havint^  an  axis  of  300  ft.  and  semi-axis  of  60  ft.,  moved  downward  and  outward  into 
the  river.  The  movement  was  regular  and  at  the  rate  of  about  J  lu.  per  minute.  The  bank 
was  quite  steep  before  the  caving.  The  cause  was  a  poud  on  the  bank  from  which  the  water 
seeped  into  the  river. 
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mattress,  and  had  to  be  increased.  The  runs"  extended  6  ft.  beyond 
the  edge  of  the  barge,  resting  in  the  water  when  the  weight  of  the 
mattress  was  on  them.  The  timbers  of  the  framework  were  4  x  6-in. 
cypress,  the  runs  being  of  long  leaf  pine.  Stringers  were  fastened 
below  the  runs  at  the  lower  end,  to  strengthen  them.  On  this  barge 
a  mattress  50  x  175  ft.  could  be  constructed. 

Willow  brush  and  poles  were  obtained  from  a  bar  in  near  prox- 
imity to  the  work  and  jilaced  on  barges.  When  ready  to  manufacture 
the  mat,  these  barges  were  towed  alongside  of  the  mattress  ways,  and 
the  material  taken  from  them  as  needed,  the  mat  barge  being  fastened 
to  the  shore,  and  the  mattress  barges  to  the  material  barges  by  ma- 
nilla  rope.  The  laborers  on  the  material  barges  passed  the  brush  and 
poles  to  the  mat-builders  on  the  mat  barge,  as  required.  The  mattress 
construction  consisted  in  first  placing  longitudinal  stiingers  made  of 
willow  or  Cottonwood  poles  6  ins.  in  diameter  at  the  large  end,  fastened 


Fig.  2. 


together  with  wii-e  and  spikes,  8  ft.  apart  on  the  runs,  each  stringer 
stretching  along  the  barge  the  full  length  of  the  mattress.  In  a  mat  of 
50  ft.  width  there  were  about  seven  stringers.  Across  these  and  on  top 
of  them  were  then  placed  a  set  of  transverse  stringers  of  the  same 
dimensions,  also  8  ft.  apart,  fastened  to  the  longitudinal  system  at  the 
intersections  with  wire  and  sjoikes.  At  the  intersections  were  also  in- 
serted, in  a  vertical  position,  pins  of  swamp  hickory  1  in.  in  diameter 
and  3  ft.  long. 

On  top  of  this  framework  and  between  the  pins  were  then  laid  five 
layers  of  small  willow  Ijriish,  each  layer  at  right  angles  to  the  one 
above  and  below,  until  a  thickness  of  2  ft.  was  obtained  (see  Fig.  2). 
On  this  brush  was  placed  a  set  of  transverse  stringers  8  ft.  apart,  in  the 
same  manner  and  of  the  same  dimensions  as  those  below.  The  upright 
pins  were  let  into  tliese  stringers  and  secured  by  wedges  and  nails, 
thus  connecting  the  uiiper  and  lower  system  of  poles.    No.  12  wire  was 
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also  used  at  the  intersections  to  connect  the  top  and  bottom  frames, 
adding  strength  to  the  bond. 

When  the  mattress  was  comj^leted,  ropes  were  fastened  to  it  in  such 
a  manner  as  to  be  readily  freed  by  toggles  when  on  the  bottom.  Then 
it  was  launched  from  the  ways  into  the  water  and  towed  to  the  part  of 
the  bank  to  be  revetted.  A  large  coal  boat  bottom  was  used  as  a  moor- 
ing barge,  to  which  the  mattress  was  fastened  by  lines,  the  mooring 
barge  being  held  in  position  by  shore  lines  (as  shown  in  Fig.  3j;  the 
mat  had  independent  lines  to  the  shore,  that  could  be  released  by  trij} 
toggles  after  sinking.  When  in  position  and  ready  for  sinking,  suffi- 
cient rock  was  thrown  fi-om  the  mooring  barge  and  small  stone  flats, 
30  ft.  long  by  12  ft.  wide,  to  cause  it  to  settle  to  the  bottom.  A  steam- 
boat was  constantly  employed  in  placing  the  barges,  towing,  etc. 


Fig.  3. 


These  first  mattresses  extended  from  about  the  low-water  line  150  ft. 
down  the  subaqueous  slope.  One  could  be  made  and  sxmk  in  a  day 
with  the  untrained  labor  and  crude  aj^pliances,  and  under  the  unfavor- 
able conditions  of  weather  and  river  stages.  In  1879  a  great  number  of 
these  mattresses  were  sunk  successfully  at  Delta  Point.  The  mat- 
builders  became  so  proficient  that  as  many  as  four  mats  were  some- 
times made  and  sunk  in  one  day.  A  considerable  reach  of  river  front 
was  thus  revetted.  In  some  instances,  the  depth  of  the  water  at  the 
outer  edge  of  the  mat  was  80  ft. 

Experiments  were  then  made  with  floating  screens,  similar  to  those 
used  by  Colonel  Suter,  U.  S.  A.,  on  the  Missouri,  btitthey  proved  very 
unsatisfactory. 

The  local  engineer  gives  the  cost  of  revetment  with   these  early 
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mats  as  about  ^18  per  lineal  foot  of  bank  (^12  per  square)*  under 
favorable  conditions.  It  must  be  remembered  that  this  only  repre- 
sents subaqueous  work,  the  upper  bank  not  being  improved  in 
any  manner.  In  1880  it  became  apparent  that  the  protection  of  the 
subaqueous  bank  only,  leaving  the  ujjper  sloj^e  exposed  to  the  de- 
structive action  of  the  currents,  was  bad  j^ractice,  and  that  some 
method  would  have  to  be  adopted  for  its  i^reservation.  This  was  ac- 
comjilished  by  grading  the  upper  bank  to  a  slope  of  about  45°  with 
A  .  shovels,  from  about  the  low- water  line  to 

^^^^     ^^  ^^^^0  the  top,  and  placing  on  this  uniform  slope 
;  ^^^^J  \  a  revetment  composed  of  willow  fascines 

m/^^^^"         .  \Qxdi  to  a  thickness  of  about  8  ins.,  having 

Fig.  4.  on  top  transverse  poles  which  were  fast- 

ened to  the  ground  by  wii-es  to  deadmen,  thus  holding  the  willows  in 
place.  A  deadman  is  a  beam  set  horizontally  in  the  ground  forming 
an  eye  or  loop  as  shown  in  Fig.  4.  No  rock  was  used  on  this  revet- 
ment. 

In  1881  it  was  proposed  to  institute  a  new  method  of  bank  grading 
which  had  been  successfully  applied  on  the  Missouri,  viz.,  the  re- 
moval of  the  material  of  the  upper  bank  by  means  of  a  jet  of-  water. 
For  that  purjsose  a  fire  pump  was  placed  on  a  Imrge  16  ft.  wide  by  98 
ft.  long  by  3^  ft.  deep,  the  pump  being  of  the  Dayton  cam  make,  with 
cylinders  16 J  x  18  ins.,  and  water  plungers  9  ins.  in  diameter,  and  with 
two  4-in.  discharge  pijies.  On  the  barge  was  also  a  boiler  42  ins.  in 
diameter  by  20  ft.  long,  with  two  14-in.  flues.  The  total  cost  of  the 
grader  complete  was  §3  679.  This  machine  was  not  used  during  the 
season  of  1881,  owing  to  adverse  conditions  of  river  stage,  etc.,  the 
work,  as  before,  being  confined  to  mat-building;  the  method  of  mat 
construction  was  entirely  changed,  the  pole  frames  at  the  top  and 
bottom  and  the  hickory  pins,  which  were  found  to  be  weak,  being 
entirely  disjjensed  with,  and  in  their  place  a  wire  netting  substituted, 
fastened  by  wire  stitches  made  through  the  mat. 

Before  giving  the  details  of  construction,  it  will  lie  well  to  describe 
the  mattress  boat  on  which  this  form  of  revetment  was  built.  It  con- 
sisted of  two  barges  20  ft.  wide,  150  ft.  long  and  3  ft.  deep  (see  Fig. 
5),  with  cypress  gunwales  H  ins.  thick  at  the  bottom  and  6  ins.  at  the 
top,  with  yellow  pine  bottoms  2 J  ins.  thick;  with  a  rake  at  one  end 
*  By  a  square  Is  meant  100  sq.  ft. 
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allowing  an  overlap  on  the  shore  for  connecting  the  mat  to  the  revet- 
ment above  water.  The  barges  were  rigidly  fastened  to  each  other  by 
beams  8  x  18  ins.  in  section  and  30  ft.  long,  a  9-ft.  space  being  left 
between.  This  space  was  spanned  by  4  x  6-in.  sills,  at  intervals  of  5^ 
ft.,  which  supported  the  posts,  4x6  ins.  and  6 J  ft.  apart,  on  which  the 
runs  rested.  The  runs  or  skids  were  4  x  6-in.  cypress,  beveled  on  the 
upper  side,  and  were  5^  ft.  between  centers.  The  top  of  the  runs  on 
the  high  side  was  about  13  ft.  above  the  water,  and  on  the  low  side 
they  rested  in  the  water  about  8  ft.  outside  of  the  gunwales.  There 
was  a  break  in  the  run  slope  at  37  ft.  from  the  top,  the  ujiper  grade 
being  about  6^  to  1,  and  the  lower  di  to  1.  The  lower  ends  of  the  runs 
rested  uj)on  a  4  x  10-in.  guard  sill,  running  jaarallel  to  the  barge,  to 
which  they  were  bolted.  A  floor  4  ft.  below  the  top  of  the  runs  enabled 
men  to  work  under  the  mat;  it  also  acted  as  a  brace  to  the  jjosts.  A 
platform  8  ft.  wide  projecting  from  the  high  side  of  the  ways  extended 
the  whole  length  of  the  barges.     On  this  platform  was  a  drum  on  which 


was  formed  the  wire  netting.  It  consisted  of  a  wooden  frame  12  ft.  in 
circumference,  with  a  6  x  6-in.  wooden  shaft.  On  this  circumference 
were  fitted  wrought-iron  bands  Ij  ins.  wide  and  i  in.  thick.  These 
bands  were  in  j^airs,  6  ins.  apart,  each  j^air  2  ft.  between  centers. 
Around  the  circiimference  of  the  bands  were  nibs  of  round  iron  J  in. 
in  diameter,  li  ins.  high,  and  riveted  to  the  band.  The  nibs  were  in 
pairs  also,  1  in.  assart,  and  12  ins.  between  centers  of  i^airs.  The  nibs 
were  exactly  oj^jjosite  each  other  on  the  different  bands,  making  con- 
tinuous lines  along  the  drum. 

In  making  the  netting  a  No.  8  wire  was  placed  along  the  drum  be- 
tween the  nibs,  then  two  transverse  wires  were  placed  between  the  bands, 
one  over  and  the  other  under  the  longitudinal  wire.  Before  the  driim 
revolved,  bringing  a  new  set  of  nibs  to  the  top,  a  2-ft.  mesh  was  formed 
by  twisting  the  cross  wires  firmly  around  the  longitudinal  wire  with  a 
steel  pin. 

In  constructing  the  mattress,  longitiidinal  poles  were  first  laid  8  ft. 
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apart,  not  for  tlie  jjiirpose  of  strengtliening  the  mat,  but  because  it 
■was  fotmd  impossible  to  launcli  it  without  them.  On  these  poles  was 
placed  the  wire  netting  of  the  same  dimensions  as  the  proposed  mat. 
On  the  netting  was  placed  the  brush  in  three  layers  to  the  thickness  of 
1  ft.  Then  the  willows  were  sewed  to  the  wire  netting  with  No.  12 
wire,  the  seams  being  made  4  ft.  apart,  and  in  lines  parallel  Avith  the 
length  of  the  mat.  In  taking  the  stitches  one  man  stood  on  the  top 
of  the  mat,  and  another  on  the  platform  under  it.  The  lower  man 
carried  a  coil  of  wire,  playing  it  out  in  the  line  of  the  projiosed  seam. 
The  man  above  carried  a  j-in.  iron  needle,  3  ft.  long,  having  an  open 
slot  in  one  end  and  a  bend  in  the  other.  He  thrust  his  needle  through 
the  mat  at  intervals  of  2  ft.,  catching  up  the  wire  from  beneath  in  the 
slot  and  pulling  it  to  the  upper  surface,  Avhere  a  wooden  toggle  was 
l^laced  in  the  bight  of  the  loop  and  fastened  to  it  by  a  staple,  holding 
it  temjiorarily  in  place  until  the  entire  seam  was  made,  when  a  top 
wire  was  run  through  each  loop,  and  a  turn  taken  around  each  loop, 
thus  forming  the  completed  seam.  It  was  projiosed  at  first  to  build 
continuous  mattresses  of  this  form,  but  for  some  caiise  the  purpose 
was  abandoned,  and  mattresses  50  x  150  x  1  ft.  were  constructed  instead. 
Cross  rows  of  poles  were  wired  to  the  top  of  these  mats,  to  keep  the 
rock  ballast  from  rolling  off".  The  operation  of  sinking  was  similar  to 
that  employed  for  the  pin  and  pole  mats  of  1878. 

Permeable  floating  screen  revetments  were  experimented  with 
again,  but  the  results  were  not  satisfactory,  the  high  water  carrying 
them  away.  They  proved  serviceable  on  the  Missouri  River,  but  on 
the  lower  Mississijjpi  they  were  entirely  too  light  in  construction  to  be 
of  pei'manent  value. 

Memphis  Harbor. — The  work  for  the  protection  of  the  river  bank 
at  Memphis  was  in  progress  at  the  same  time  as  that  at  Delta  Point, 
Vicksl)urg.  In  1878,  owing  to  the  prevalence  of  yellow  fever,  but 
little  was  accomplished,  l)ut  the  next  year  a  iwW  and  successful 
test  was  made  of  the  revetment  method  of  improvement  for  that 
locality.  Neither  the  ajjpliances  for  manufacturing  the  mat  nor  its 
construction  were  similar  to  those  adopted  at  Delta  Point.  Stationary 
mattress  ways  were  formed  by  cutting  the  bank  to  an  angle  of  40°  and 
placing  the  slope  posts  5  ft.  apart,  on  which  rested  4  x  G-in.  stringers 
rounded  on  ioyt,  and  drift-bolted  into  tlie  posts.  In  the  mat  construc- 
tion various  designs  were  tried.     At  first  four  frames  of  wilJow  i)ules 
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were  used,  the  first  frame  at  the  bottom  being  formed  by  placing  poles 
4  ft.  apart,  and  other  poles  transverse  to  them  at  the  same  interval. 
These  poles  were  fastened  together  by  J-in.  oak  pins.  On  this  frame- 
work was  placed  a  layer  of  willows;  then  another  framework  in  12-ft. 
squares;  then  a  second  layer  of  willows,  and  another  framework  in  12- 
ft.  squares;  then  a  third  layer  of  willows,  on  top  of  which  was  placed  the 
last  frame  of  poles  4  ft.  apart,  as  in  the  bottom  frame.  Each  intersec- 
tion was  firmly  pinned  through  the  mat,  and  fastened  also  by  Xo.  12 
annealed  wire,  thus  forming  a  very  thick  mattress.  This  structure 
was  found  to  be  unnecessarily  heavy  and  thick  and  was  therefore 
changed,  the  two  12-ft.  pole  frames  being  disj^ensed  with,  and  only  two 
frames  used,  one  at  the  bottom  and  one  at  the  toji,  with  poles  4  ft. 
apart  pinned  every  8  ft.  by  1-in.  oak  pins,  and  well  wired.  These  mats 
were  sunk  in  water  80  ft.  in  depth  at  some  points.  The  sinking  was 
accomplished  in  a  manner  similar  to  that  followed  at  Delta  Point. 
The  stone  at  this  locality  cost  $2  45  per  cubic  yard  on  barges  at  the 
work.  Up  to  June,  1880,  1  300  lin.  ft.  of  bank  had  been  protected 
at  this  point,  and  in  addition  to  the  subaqueous  work,  upper-bank 
revetment  was  constructed  of  the  same  design  as  the  mattress,  making 
a  total  of  2  385  squares  of  revetment.  The  distribution  of  material  in 
this  work  is  shown  in  Appendix  A.  Up  to  1882,  3  125  lin.  ft.  of  bank 
had  been  protected,  and  the  ca\-ing  was  reported  at  least  temporarily 
stopjjed. 

In  1881  the  i^in  and  pole  method  of  mat  construction  was  abandoned 
here,  and  a  wire  frame  substituted.  No.  10  annealed  wires  were  laid 
longitudinally  and  6  ft.  apart  on  the  same  ways  used  for  the  old  mats, 
the  end  of  each  wire  being  turned  about  a  binding  pole  and  held  tem- 
porarily by  a  strong  stake.  At  riglit  angles  to  these  wires  and  6  ft. 
apart  others  were  also  fastened  at  the  ends  to  binding  poles  and  tem- 
porary stakes.  At  the  intersections  these  wires  were  fastened  by  other 
wires  of  sufficient  length  to  reach  well  up  on  stakes  to  which  they  were 
temporarily  attached.  These  stakes  were  driven  into  the  ground  and 
reached  an  elevation  2  ft.  above  the  mat,  preventing  it  from  sliding 
off  the  ways  during  construction.  On  the  bottom  wire  frame  thus 
formed,  willow  Vjrush  in  four  layers  was  laid  to  a  thickness  of  18  ins. , 
and  over  it  a  wire  frame  similar  to  that  below  was  jilaced,  and  fastened 
to  it  through  the  mat  by  the  short  Avires  that  were  temporarily  held 
up  by  the  stakes.     At  the  ends  the  wire  frames  were  fastened  to  a  sys- 
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tern  of  poles  wliich  formed,  ^vlien  joined  together,  a  strong  selvage 
around  the  mat.  These  new  mats  were  125  x  50  ft.  and  18  ins.  thick. 
They  were  lannehed  from  the  wars  and  sunk  in  a  manner  similar  to 
the  others,  with  the  exception  that  a  portion  of  the  ballast  was  gravel 
in  sacks  tied  to  the  mat  and  loose.  This  proved  more  economical  at 
first  than  stone,  but  was  neither  so  satisfactory  nor  so  permanent, 
being  too  light  to  resist  the  force  of  the  current.  During  the  same 
season,  1881,  a  part  of  the  upper  bank  was  revetted  in  the  following 
manner  :  First,  brush  was  laid  on  the  bare  slope  in  three  layers  to 
a  thickness  of  18  ins. ;  then  wire  was  placed  over  it  and  fastened  to 
sjjecially  formed  stakes,  which  were  driven  into  the  ground,  stretch- 
ing it  tight  over  the  brush,  thus  binding  it  down;  then  the  brush  was 
given  a  good  covering  of  stone.  About  900  squares  of  this  mat  and  130 
squares  of  ujjper-bank  revetment  were  constructed,  with  the  expendi- 
tiire  of  material  shown  in  Appendix  A. 

New  Orleans  Harbor. — The  early  revetment  work  at  New  Orleans 
wa^  to  prevent  the  wharves  from  being  washed  into  the  river.  In 
1878  the  project  consisted  of  the  erection  of  a  bulkhead  built  of  pairs 
of  piles,  the  piles  in  a  j^air  being  3  ft.  ajjart,  and  each  pair  6  ft.  from 
the  center  of  the  other  pair,  all  connected  at  the  toj?  and  low-water 
line,*  and  of  the  sinking  of  cane  mats  along  the  subaqueous  slope. 

The  mattresses  were  constructed  of  fishpole  cane,  being,  when 
completed,  2  ins.  thick,  25  ft.  long  and  21  ft.  wide.  At  first  they  were 
made  by  hand,  two  galvanized  iron  wires  being  used  as  the  warp, 
woven  with  the  shoemaker's  stitch,  one  wire  running  over  one  cane, 
and  under  the  next,  over  the  third,  under  the  fourth,  and  so  on,  the 
other  wire  being  reversed,  thus  crossing  the  first  and  forming  loops, 
but  being  fastened  only  at  the  end  canes.  A  sjjlit  was  made  in  each 
cane  through  which  it  was  hoped  sediment  would  pass  and  help  to 
sink  the  mat.  Seven  doiible  strands  of  wire  about  4  ft.  apart  wei-e 
used  for  each  carpet.  Afterward  a  loom  was  used,  and  spun  yarn  sub- 
stituted for  wire. 

When  eight  of  these  small  mats  or  carpets  were  completed,  they 
were  taken  to  the  floating  ways  and  jilaced  thereon  and  connected, 
making  a  mattress  200  ft.  long  by  21  ft.  wide.  At  first  they  were 
ballasted  with  old  iron  boiler  tubes  filled  with  sand  and  fastened  to 
them.     They  were  ballasted  on  the  floating  ways,  the  ways  being  after- 

•  Behind  these  piles  and  up  to  the  low-water  line  were  to  be  piled  brush  fascines,  forming 
a  briisb  wall. 
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ward  moved  up  to  the  line  of  piling  forming  the  bulkhead,  and  the 
mattress  fastened  to  it  by  iron  lings.  The  ways  were  then  pulled 
out  in  the  river  by  a  tug,  and  the  mat  thus  launched  was  sunk  in 
place  on  the  bottom.  Stone  was  not  used,  as  it  was  deemed  neces- 
sary on  this  steep  subaqueous  slojie  to  fasten  the  ballast  to  the  mat  to 
prevent  its  sliding  off.  The  cost  of  a  square  of  this  cane  carpet  was 
312  87.  In  1879,  owing  to  the  change  from  hand  weaving  to  loom 
work,  and  the  experience  gained  by  the  employees  during  the  first 
season,  the  cost  was  reduced  to  §9  88  per  square. 

Seventy-four  carpets  were  made,  averaging  200  x  26  ft. ;  1  116  lin.  ft. 
of  bank  were  revetted,  and  about  1  496  squares  of  river  bed  covered,  at  a 
cost,  as  stated,  of  89  88  per  square,  and  813  38  per  liaeal  foot.  The  officer 
in  charge  reports  it  was  suggested  that  shrimi>,  which  are  known 
to  eat  the  oakum  out  of  the  seams  of  vessels  lying  in  port,  might 
attack  the  spun  yam  used  in  construction  of  the  mats,  but  experi- 
ments indicated  that  there  was  nothing  to  be  feared  from  this  source. 

In  1880  a  contract  was  entered  into  for  the  sinking  of  mattresses 
at  65  cents  per  square  yard,  or  about  87  22  per  square.  Anchorage 
piles  were  driven  as  before,  and  cane  mattresses  200  x  70  ft.  sunk  with 
sand  bags.  The  mats  were  made  of  40  sections,  14  x  25  ft.  each,  sewed 
together.  For  mattress  construction,  a  float  was  used  formed  of  eight 
coal  barges  fastened  together,  supporting  launching  ways,  the  dimen- 
sions over  all  being  170  x  206  ft.  The  skids  had  a  slope  of  7^  ft.  in 
170  ft. 

An  attempt  was  made  to  construct  and  sink  a  mattress  140  x  200  ft., 
but  it  proved  a  failure,  so  the  ways  were  changed  for  mattresses  84  x 
200  ft.,  and  the  slope  of  skids  increased  to  8  to  1. 

For  the  purpose  of  mooring  the  mattress  in  the  desired  position 
preparatory  to  sinking,  three  flatboat  gunwales  were  used,  so  placed  as 
to  form  a  right-angled  triangle  with  the  altitude  along  the  piling  and 
the  base  normal  to  the  shore,  the  diagonal  barge  being  sujiposed  to  fend 
off  drift.  To  the  barge  forming  the  base  of  this  triangular  mooring 
plant,  the  mattress  was  fastened,  and,  after  launching,  also  to  the  ways. 
It  was  thus  sunk  with  guides  on  three  sides,  with  lines  to  the  gunwales 
above,  to  the  ways  barge  below,  and  to  rings  on  the  piling  of  the  bulk- 
head. After  sinking  about  five  of  these  mattresses,  the  contractor's 
plant  was  destroyed  by  drift,  and  the  work  abandoned.  "Work  was 
commenced  again  under  a  new  contract  later  in  the  same  season,  and 
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27  cane  mats  200  x  84  ft.  sunk  successfullT,  covering  about  2  268  lin. 
ft.  of  bank. 

In  1881  a  board  of  officers  was  appointed  by  the  Secretary  of  "War 
to  consider  the  value  of  revetment  i)laced  up  to  that  time,  and  the 
desirability  of  a  change  in  the  i^roject  and  methods  of  construction. 

After  a  survey  of  the  locality  had  been  made  and  the  subject  of  im- 
provement thoroughly  studied,  the  board  submitted  a  report  con- 
demning the  plan  on  which  the  work  was  based  and  the  methods  of 
construction  adopted,  as  ineffectual  in  accomi^lishing  the  desired  end, 
and  recommended  that  changes  be  required  by  the  city  government 
in  the  construction  of  wharves  by  companies  and  individuals,  and  also 
that  at  certain  points  mattresses  be  sunk  400  ft.  wide,  made  of  brush, 
not  cane  poles,  costing  about  §28  per  lineal  foot.  A  project  based  on  the 
report  of  this  board  of  engineer  officers  was  adojjted  by  the  Mississippi 
Eiver  Commission,  but  no  further  work  was  undertaken  until  the 
season  of  1883. 

It  may  be  well  to  state  here,  for  those  not  familiar  with  the  Missis- 
sippi River  and  its  lihenomena,  that  below  Bat  on  Eouge,  which  is  1000 
miles  from  St.  Louis,  or  820  miles  from  Cairo,  its  general  appearance, 
physical  features  and  properties  and  mechanical  forces  are  quite  dif- 
ferent in  degree  from  those  existing  above.  The  slope  is  less,  the 
average  depth  much  greater,  the  -width  less.  No  obstructive  bars  or 
crossings  occur  in  this  portion  of  the  river.  The  caving  is  compara- 
tively slight.  The  range  from  low  to  high  Avater  at  Xew  Orleans  is  about 
one-third  that  at  Arkansas  City.  The  current  velocity  at  low  water  is 
very  low,  and  the  radii  of  the  bends  are  greater. 

With  siich  a  radical  difference  in  the  agencies  of  bank  destruction 
it  can  readily  be  seen  that  a  difference  in  means  for  i^rotection  will 
follow.  The  subaqueous  work  is  placed  with  greater  facility  and  a 
much  lighter  form  of  revetment  is  practicable  and  efficacious.  Inter- 
rujjted  or  broken  revetment  and  dikes  with  unprotected  intervals  jiro- 
duce  better  results  than  in  the  upj^er  river,  where  the  range  of  water 
level,  currents,  dejiths  and  instability  of  the  banks  are  so  much 
greater. 

Eiirly  Wurk  of  the  Mississippi  River  Commission. — In  1879  Congress 
provided  for  the  appointment  of  a  Mississii)pi River  Commission,  com- 
posed of  three  United  States  engineer  officers,  an  officer  of  the  Coast  and 
Geodetic  Survey  and  three  civilians,  whose  duty  should  be  to  obtain 
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sucli  data  as  were  deemed  necessary,  on  wliicli  to  base  a  general  iDroject 
for  the  improvement  of  the  river  from  Cairo  to  the  mouth,  and  execute 
the  same  with  funds  ajipropriated  for  the  jiurpose.  By  1881  this  com- 
mission had  accumulated  a  vast  amount  of  information,  had  made  an 
exhaustive  study  of  the  jiroblem,  and  formulated  a  project  forimjDrove- 
ment,  which  was  inaugurated  in  1882. 

The  plan  adopted  contemplated  two  distinct  classes  of  work. 

First. — Permeable  dikes,  screens,  etc.,  closing  chutes  and  side  chan- 
nels, thus  contracting  or  narrowing  the  river  in  the  wide  and  shallow 
reaches,  and  making  it  conform  to  a  normal  low-water  section. 

Second. — Bank  protection  work,  brush  mattresses,  and  stone  ripraj) 
to  hold  the  shore  or  river  bank  intact,  j^reventing  caving  and  the  form- 
ing of  bars  below.  To  quote  the  rejDort  of  the  commission  to  the 
Secretary  of  War,  dated  November  25th,  1881 : 

"The  bank  revetments  are  intended,  not  only  to  stop  the  constant, 
and  in  some  localities  very  rapid,  enlargement  j^roduced  by  erosion 
and  caving  of  concave  bends,  but  in  addition  thereto  to  check  the 
growth  of  bars  and  shoals  below,  by  accretions  supplied  directly 
therefrom. 

"  The  process  of  laying  this  revetment  will  vary  greatly  in  different 
localities,  but  will  commonly,  or  at  least  in  many  cases,  consist  in  first 
freeing  the  banks  of  snags,  stumps  and  brush,  and  then  placing  a  mat- 
tress *  *  *  ujion  that  portion  of  the  slo^je  extending  from  deep 
water  to  a  few  feet  above  the  water  level,  and  weighting  it  with  suf- 
ficient riftrap  stone  to  hold  it  in  jilace. 

"  The  revetment  to  be  afterwards  completed  by  grading  the  bank 
above  the  water  level  to  a  proper  slope  with  streams  of  water  under 
high  pressure,  after  the  manner  commonly  followed  in  hydraulic  min- 
ing, and  laying  thereon  a  supplementary  mattress,  overlajiping  the  one 
previously  laid,  and  extending  up  to  the  crest  of  the  bank.  *  *  * 
Whenever  it  may  be  deemed  safe  to  omit  the  mattress  on  the  ui^jaer 
part  of  the  slope,  and  place  the  stone  covering  directly  on  the  bank, 
that  course  will  be  pursued." 

Two  reaches  of  river  were  at  first  selected  for  improvement,  viz.. 
Plum  Point  above  Memphis,  40  miles  long,  and  Lake  Providence  below 
Greenville,  35  miles  long.  The  work  of  harbor  imi^rovement  on  the 
lower  river,  in  progress  under  the  United  States  engineer  officers,  was 
also  transferred  to  this  commission. 

Radical  changes  had  to  lie  made  in  the  general  design  of  ]>rote('tion 
work,  to  make  it  applicable  to  long  reaches  of  rapidly  ca^-ing  banks. 
The  harbor  mattresses,  though  of  temporary  value,  could  not  be  said 
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to  have  giyen  permanent  j^rotection,  because  of  their  small  size  and 
detached  condition  when  in  place  on  the  subaqueous  slope.  For  long 
reaches  they  were  very  expensive. 

The  first  considerable  change  was  made  by  increasing  their  width  to 
three  times  that  formerly  attained,  and  constructing  and  sinking  them 
in  continuous  stretches  of  from  500  to  2  000  ft.  Where  timber  skirted 
the  bank,  much  clearing  and  grubbing  had  to  be  performed,  and  in 
many  places  great  numbers  of  snags  had  to  be  removed  by  boats  built 
for  that  special  purpose.  The  thickness  of  the  revetment  was  very 
much  decreased  and  the  strength  much  increased  by  means  of  iron 
rods,  cables,  etc. 

The  first  mattresses  used  by  the  Mississippi  River  Commission  on 
the  Plum  Point  Reach  were,  when  completed,  much  the  same  in 
general  form  as  those  constructed  at  Delta  Point  in  1881,  though  the 
manner  of  making  them  was  diffei-ent.  They  were  constructed  on  a 
specially  designed  machine  barge  and  had  for  their  foundation  a  wire 
netting  of  No.  8  and  Xo.  12  wire,  the  heavier  running  longitudinally 
up  and  down  stream,  and  the  lighter  transversely,  the  distance*  between 
the  former  being  4  ft.  and  between  the  latter  generally  2^  ft.  The 
brush  was  carried  by  machinery  operated  by  steam,  from  a  brush  barge, 
over  the  mat  barge  and  dej^osited  on  the  netting,  where  it  was  received 
by  men  holding  hooks,  who  packed  it  close  together  in  continuous 
layers.  After  a  full  shift  of  brush  had  been  dejiosited  upon  the  net- 
ting, brush  binders  were  inserted  with  theii' butts  into  and  at  least  8  ft. 
through  the  netting  (see  Fig.  7),  the  tails  being  bent  over  the  butts 
last  laid  and  wired  firmly  through  to  the  netting.  The  binders  were 
placed  at  right  angles  to  the  brush,  and  wired  at  a  point  dii-ectly  under 
the  space  to  be  occupied  by  the  succeeding  shift.  These  mats  were 
continuous,  ballasted  and  sunk  in  the  same  manner  as  those  to  be  de- 
scribed hereafter. 

A  more  detailed  description  of  the  wire  net  making  machine  and 
general  construction  of  this  mat  will  not  be  given  here,  as  it  was  found 
to  be  unsatisfactory  for  many  reasons  and  was  soon  abandoned. 

Work  at  Delta  Point,  1882-83. -In  1882  little  or  no  bank  protec- 
tion was  undertaken  at  Plum  Point  or  Lake  Providence  Reach  or  any 
of  the  harbors  except  Vicksburg,  where  the  revetment  of  Delta  Point 
was  vigorously  prosecuted  with  new  methods  of  construction.     The 
*  See  the  "  Report  of  the  Mississippi  River  CommisBioo,"  1883,  p.  371. 
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new  mattresses  were  built  after  a  plan  adoiDted-  on  the  upper  river  in 
the  vicinity  of  St.  Louis  and  were  termed  woven  mattresses.  These 
new  mats  were  made  on  the  ways  built  for  the  wire-net  construction 
heretofore  described,  the  drums  and  other  wire-net  machinery  having 
been  removed. 

The  mode  of  construction  was  as  follows:  A  low-gunwale  flatboat, 
acting  as  a  mooring  barge,  170  ft.  long  by  26  ft.  wide,  was  jilaced  with 
the  bow  to  the  shore  and  stern  into  the  stream,  being  held  in  that 
position  by  1^-iu.  manilla  lines  leading  to  deadmeu  on  the  bank  and 
anchors  in  the  stream  above.  On  the  lower  down-stream  side  of  this 
boat,  and  firmly  secured  to  it  by  1-in.  lines,  were  the  ways,  placed  with 
the  lower  ends  of  the  runs  up  stream  and  the  bow  of  the  barge  against 
the  bank,  the  position  of  these  two  boats   being  directly  over  the 


Fig.  10. 
upper  end  of  that  portion  of  the  lower  slope  of  the  bank  to  be  revetted. 
The  construction  of  the  mattresses  was  commenced  l>y  laying  30-ft. 
willow  poles  5  ins.  in  diameter  at  the  butt  across  the  runs  and  near 
their  lower  ends.  These  poles  were  lapi^ed  from  1  to  6  ft.  and  fas- 
tened together  with  No.  12  wire  and  four  or  more  (5-in.  boat  spikes. 
The  numl)er  of  these  poles  deiiended  on  the  width  of  mattress  desired. 
Longitudinally  between  the  runs,  about  6  ft.  apart,  were  placed 
willow  j)oles  of  the  same  dimensions,  with  their  large  ends  resting  on 
the  transverse  system  and  tightly  wired  and  spiked  to  it  as  shown  in 
Fig.  10.  On  the  large  ends  of  these  longitudinal  weaving  poles,  a 
third  set  similar  to  the  first  was  laid  transversely,  and  all  three  firmly 
spiked  and  wired  together,  thus  forming  a  mat  head  or  cross-selvage 
for  the  woven  mat  which  kept  it  from  unraveling,  and  acted  as  a  strong 
fastening  in  sinkiug,  etc. 
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Before  commencing  to  weave  the  mattress  this  iipjier  frame  or  head 
was  fastened  to  the  mooring  barge  hj  1-in.  lines.  Willow  brush  was 
then  woven  over  and  under  the  longitudinal  poles,  the  briish  being 
about  30  ft.  long  and  3  ins.  thick  at  the  butt.  The  weaving  was  ac- 
complished by  placing  the  brush  over  one  pole  and  under  the  next, 
over  the  next,  and  so  on,  until  its  end  was  reached,  when  it  was  forced 
down  the  runs  and  poles  until  the  transverse  poles  or  head  was 
reached,  to  which  it  was  made  to  fit  tightly  by  means  of  mauls.  This 
operation  was  carried  on  all  along  the  ways  by  different  gangs  of  men 
and  repeated  until  the  30  ft.  of  jioles,  or  one  shift,  was  nearly  filled 
with  woven  brush,  only  space  enoiigh  being  left  on  which  to  spike 
and  wire  other  poles,  thus  making  a  continuous  wooden  thread  on 
which  to  continue  the  weaving.  Every  100  ft.  transverse  j^oles  simi- 
lar to  those  at  the  head  were  jilaced  across  the  mat  to  give  it  strength, 
and  longitudinal  jjoles  12  ft.  apart  Avere  bound  to  it  on  top,  forming 
cribs  to  keeji  the  rock  from  falling  oflf  when  sunk  on  a  steep  subaque- 
ous sloj^e. 

When  one  shift,  or  about  30  ft.  in  length  of  the  mat,  was  woven,  it 
covered  the  entire  ways,  and  in  order  to  continue  the  weaving  it  became 
necessary  to  remove  this.  To  do  so  the  lines  holding  the  ways  to  the 
mooring  barge  were  slackened  and  the  ways  moved  down  stream  from 
under  the  mat,  the  movement  being  produced  by  the  force  of  the 
current.  When  the  latter  was  not  sufficiently  strong,  tlie  ways  were 
moved  by  caj^stans  and  lines  leading  to  anchors  or  the  shore  below. 
They  were  moved  just  the  length  of  a  weaving  pole  for  each  shift, 
until  tlie  end  of  the  mattress  was  reached,  when  a  strong  frame  selvage 
similar  to  the  head  was  constructed,  and  the  last  shift  launched  into 
the  river.  The  mattress  thus  floating  was  held  at  the  upi^er  end  by 
lines  to  the  shore  and  to  the  mooring  barge,  and  on  the  shore  side  by 
1-in.  lines  leading  to  deadmen  or  to  trees  30  ft.  apart. 

These  mattresses  were  about  400  ft.  long  by  144  ft.  wide,  the 
method  of  sinking  being  vei'y  similar  to  that  employed  for  the  earlier 
designs. 

Rock  barges  were  brought  to  the  outer  edge  of  the  mat  and 
fastened  to  it  with  lines  at  intervals  of  10  ft.  It  was  then  loaded 
uniformly  with  rock  until  under  a  heavy  strain;  then,  at  a  signal,  these 
lines  were  cut,  and,  as  it  settled  below  the  surface,  the  barges  were 
pulled  over  it  and  rock  thrown  on  it  in  quantities  sufficient  to  insure 
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it  remaining  on  the  bottom.  The  number,  size  and  position  of  the 
lines  (manilla  rojie)  depended  on  the  force  and  direction  of  the  cur- 
rent or  currents  and  the  depth  of  water.  After  each  mattress  was 
sunk,  sharpened  cottonwood  piles  40  ft.  long  and  15  ins.  in  diameter 
were  driven  through  the  shore  side,  to  keep  it  from  sliding  out  into 
deep  water  where  the  slope  was  abrupt.  From  60  to  70  ft.  of  this 
form  of  mattress  Avas  made  per  day  with  52  men;  30  weaving,  6  at 
the  mauls,  6  binding  poles,  4  linesmen,  and  the  rest  on  the  material 
barges. 

The  mats  were  made  to  lap  about  15  ft.  when  sunk,  so  that  no 
unprotected  seam  would  be  left  in  the  revetment.  The  piles  used 
were  driven  about  25  ft.  apart  and  20  ft.  into  the  ground,  being  cut 
oft"  at  a  stage  of  about  10  ft.  above  low- water  mark. 

After  the  subaqueoiis  slojje  had  been  covered  in  this  manner,  the 
upper  bank  was  graded  with  shovels  as  in  former  years,  but  this  prov- 
ing very  slow  and  esi)ensive,  sluice  grading  was  attemjited  with  fair 
success. 

A  trench  was  first  cut  with  a  shovel  to  the  required  angle  of  the 
slope,  2i  to  1,  and  in  it  was  placed  a  continuous  line  of  wooden  boxes, 
one  fitting  into  the  other,  forming  a  trough  reaching  from  top  of  bank 
to  water  surface.  A  floating  pile-driver  containing  a  pump  for  sink- 
ing piles  by  water-jet  was  moored  near  the  trough,  and  supj^lied  its 
ui^per  end  with  a  stream  of  water  through  a  hose.  The  material  of  the 
bank  was  excavated  and  thrown  into  the  trough  with  shovels,  the  stream 
of  water  carrying  it  into  the  river.  After  grading  as  far  as  the  labor- 
ers could  throw  the  earth  from  the  shovels,  the  trough  was  moved  and 
the  sloiJe  carried  ahead.  This  method  was  also  abandoned  for  hydrau- 
lic grading  on  a  very  much  larger  scale,  the  water  being  forced  directly 
against  the  bank  from  a  nozzle,  to  which  it  was  supplied  l)y  very  pow- 
erful pumps  built  for  the  special  purpose  of  river-bank  grading. 

The  grader  used  was  designed  for  the  Mississijipi  River  Commission 
for  the  sijecial  purpose  of  bank  grading.  It  consisted  of  a  barge  110 
ft.  long  by  30  ft.  wide,  with  6  ft.  deiith  of  hold,  well  braced  and 
chained  to  carry  the  heavy  hydraulic  machinery.  The  machiuei'y 
consisted  of  a  Blake  duplex  compound  condensing  piimp.  The 
l)ura])  had  double  outside  i)lunger8,  each  16  ins.  in  diameter  with  24- 
in.  stroke.  The  high-pressure  cylinder  was  18  ins.  in  diameter,  and  the 
low-pressure  cylinder  36  ins.  in  diameter,  the  stroke  being  the  same  as 
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that  of  tlie  i^ltingers,  2i  ins.  The  capacity  of  the  iDump  was  2  000  galls, 
per  minute  under  a  pump  pressure  of  160  lbs.  and  a  steam  pressure  of 
80  lbs.  -pev  square  inch. 

In  connection  with  the  low-pressure  cvlinder  and  boiler  there  was 
an  ail'  pump  and  condenser,  which  condensed  the  steam  and  heated  the 
injection  water.  The  steam  supply  was  obtained  from  a  battery  of 
three  boilers  42  ins.  in  diameter  by  26  ft.  long,  with  five  10-in.  tiues 
each.  These  pumps  sucked  the  water  from  the  river  through  two  12- 
in.  sujJijly  pipes,  and  forced  it  through  two  12-in.  discharge  pipes  to 
the  forward  end  of  the  boat,  where  they  entered  a  14-in.  boom  pipe, 
which  was  65  ft.  long  and  but  10  ins.  in  diameter  at  the  upper  end, 
and  was  held  in  place  with  accomiJanying  stages  by  means  of  shears 
and  steel  ropes,  the  angle  made  by  it  with  the  plane  of  the  deck 
being  governed  by  a  hoisting  engine  situated  in  the  bow  of  the  boat. 
The  boom  pipe  had  twelve  i-in.  oi^enings,  with  Chapman  valves,  to 
which  either  4-in.  or,  by  means  of  reducers,  2i-in.  rubber  hose  was 
attached.  At  the  end  of  each  hose  a  Ij-in.  nozzle  was  used  to  con- 
centrate the  water  for  the  purj^ose  of  cutting  the  bank.  The  boom 
pipe  and  stages  were  subsequently  removed,  and  the  hose  connections 
made  directly  from  the  barge  (see  Plate  III,  Fig.  1).  When  all  was  ready 
for  grading,  the  bow  of  this  machine  was  placed  against  the  bank,  and 
the  boom  pipe  and  stages  lowered.  The  hose  was  laid  leading  from  the 
opening  in  the  pipe  to  within  about  8  ft.  of  a  face  which  had  been  cut 
in  the  bank  as  a  slope  guide,  and  also  as  the  only  practicable  way  of 
under-cutting  the  steep  bank  and  carrying  forward  the  grade.  The 
nozzle,  which  was  attached  to  the  end  of  the  hose,  rested  on  and  was 
turned  on  a  swivel,  moving  in  an  oak  frame  or  trestle  spiked  to  the 
ground.  Three  nozzles  were  used,  each  worked  by  three  men.  The 
slope  was  cut  a  little  ahead  at  the  ui)per  end,  the  reason  being  that  by 
so  doing  the  water,  after  sj^ending  its  force  on  the  bank,  on  seeking  a 
lower  level  ran  close  to  the  lower  edge  of  the  face,  helping  to  under- 
cut it. 

The  direction  of  the  stream  was  always  kept  at  a  greater  or  less 
angle  than  90^  with  the  face,  as  otherwise  it  would  form  a  pocket  in 
the  bank  and  a  water  cushion  to  resist  the  pressure.  It  was  found  that 
a  2j-in.  hose  did  not  work  advantageously,  owing  to  the  frictional  re- 
sistance. A  4-in.  hose  and  li-in.  nozzle  gave  the  best  results.  The 
bank  was  graded  to  a  slope  of  2i  to  1.     Sand  and  light  deposit  was 
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carried  oflf  rapidly  by  tlie  force  of  the  water,  but  the  tougher  or  more 
tenacious  materials,  such  as  clay  and  buckshot,  of  which  the  Delta 
Point  bank  is  in  great  part  composed,  resisted  the  jet  for  some  time, 
but  eventually  was  reduced.  "With  three  nozzles  an  average  of  1  300 
cu.  yds.  was  removed  per  day,  at  a  cost  of  about  4  cents  per  yard. 
The  inequalities  left  in  the  slope  were  dressed  down  with  shovels  or 
sluice. 

After  the  bank  was  made  comparatively  smooth  and  regular,  con- 
tinuous lines  of  jjoles,  30  ft.  long  by  5  ins.  in  diameter,  well  wired  and 
spiked  together,  were  laid  on  it  parallel  with  the  top,  the  rows  being 
10  to  12  ft.  apart.  On  these  were  transverse  poles,  spiked  and  wii-ed 
together  in  the  same  manner,  in  rows  reaching  from  the  top  to  the  bot- 
tom of  the  slope,  also  10  to  12  ft.  apart.  These  rows  were  wired  to- 
gether at  the  intersections.  Upon  this  frame,  willows,  20  to  30  ft.  long 
and  2  to  3  ins.  at  the  large  end,  were  laid  with  the  butts  up  hill,  the 
bushy  or  leafy  part  of  the  top  being  covered  by  the  butts  of  those 
below,  each  succeeding  layer  of  brush  having  its  butts  over  the  tops 
of  the  preceding  one,  until  the  water  edge  was  reached.  On  the 
brush  were  placed  lines  of  longitudinal  jjoles  directly  over  those  in 
the  bottom  frame,  and  fastened  to  them  by  No.  8  wire.  This  revet- 
ment at  the  water's  edge  was  fastened  to  or  overlapped  the  mattress 
work  if  possible  ;  otherwise  a  connecting  mat  was  built  to  make  the 
protection  continuous  from  near  the  top  of  the  bank  to  the  river-bed. 
On  the  upper-bank  revetment  rock  was  jslaced  in  just  sufficient  quan- 
tity to  cover  the  willows. 

The  cost  of  the  Delta  Point  work  just  described  during  the  season 
1882-83  is  given  in  Apjjendix  A.  The  cost  of  brush  obtained  by 
Government  labor  was  $2  53  per  cord;  poles,  32  cents  each  ;  rock, 
by  contract,  31  90  per  yard;  wire  and  spikes,  5  cents,  and  nails  4  cents 
per  pound. 

The  total  cost  of  protection,  not  including  grading,  was: 

Mattress  work S2  90  per  square.  $4  17  per  lineal  foot. 

Upper  bank  revetment..     6  89     "         "  5  17     *'         *'       " 

Total 89  34     "         "       •' 

Including  towing,  grading  and  other  expenses,  the  cost  per  lineal 
foot  wa.s  about  814. 
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Work  Done  in  1883. — In  1883  revetment  work  was  carried  on  by  the 
Mississippi  River  Commission  on  the  two  princiiJal  reaches,  Plum 
Point  and  Lake  Providence,  at  Hopefield  Bend,  opposite  Memphis, 
at  Memphis,  Delta  Point  and  New  Orleans.  Practically  the  same 
methods  were  emj)loyed  in  1883  at  all  points  above  the  mouth  of 
Eed  Eiver  as  were  used  at  Delta  Point  the  year  i^revious. 

At  Bullerton  100-ft.  mattresses  woven  on  a  wire  base  were  used, 
the  willows  being  interlaced,  as  shown  in  Fig.  7.  At  Plum  Point 
hydraulic  graders  were  worked  similar  to  that  described.  The  local 
engineer  reported  1  800  to  4  000  cu.  yds.  of  material  moved  per  day  at 
a  cost  of  2.98  cents  jier  yard. 

Electric  lights  were  used  for  night  work.  Mattress  boats  of  im- 
proved make,  over  200  ft.  long,  but  practically  the  same  design  as  those 
described,  were  used.  Barges  were  emjiloyed  specially  adapted  to 
the  work.  In  fact,  an  entire  floating  plant  had  been  constructed  or 
purchased  specially  designed  for  revetment  construction,  which  greatly 
reduced  the  exjiense  and  added  to  the  strength  and  efficiency  of  the 
finished  i^rotection  work.  It  had  been  the  custom  in  the  work  jjreviously 
performed  to  press  into  service  anything  in  the  form  of  a  barge  that 
could  be  used  and  obtained  at  small  expense,  making  temjaorary 
changes  in  construction,  rather  than  expend  the  inadequate  appropria- 
tions in  procuring  floating  property  of  special  design. 

In  1883  -wire  shore  fastenings,  instead  of  manilla  ropes,  were  intro- 
duced on  a  small  scale.  Fig.  6  shows  the  woven  mats  used  at  Plum 
Point,  and  Figs.  8  and  9  the  two  methods  of  sinking  them  when  con- 
tinuous, one  with  and  the  other  against  the  current.  The  revetment 
was  similar  to  that  described.  The  grading  at  Bullerton  cost  from  3 
cents  to  3.8  cents  per  yard,  the  force  employed  being  one  nozzleman 
and  two  helpers  for  each  nozzle.  These  men  were  furnished  rubber 
clothes  by  the  Government. 

The  cost  of  the  bank  protection  work  on  the  Plum  Point  Eeach 
during  1883  was  as  follows:  Mattress  work,  §6  30  per  square;  upper- 
batik  revetment,  S6  40  per  square. 

At  Memphis  the  small  mattresses  were  still  in  use,  constructed  on 
shore  ways  and  towed  to  the  required  sinking  locality.  They  were  not 
made  of  quite  the  same  thickness.  Bank  grading  was  still  executed 
with  shovels.  The  slope  and  revetment  were  thoroughly  drained 
above  low  water  by  connecting  the  city  drains  with  special  wooden 
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culverts.  The  upper-bank  protection  Tvas  sliglitly  different  from  that 
used  in  former  years.  Wire  was  laid  on  the  slope  forming  a  6- ft.  mesh. 
On  this  was  i>laced  6  ins.  of  willow  brush  and  on  top  of  the  brush  wire 
similar  to  that  below,  the  top  and  bottom  wire  frames  being  sewed 
through  the  brush  br  sei)arate  wire,  thus  forming  one  continuous  mat. 
This  revetment  was  secured  by  i^lacing  on  it  stone,  sand  in  bags  and 
earth.  The  distribution  of  material  in  this  work  was  as  shown  in 
Appendix  A. 

At  Hopefield  Bend  the  mattresses  were  of  the  woven  type,  from  250 
to  300  ft.  long  by  140  ft.  wide,  made  in  a  similar  manner  to  those  of 
1882  at  Delta  Point.  The  upper  end  before  sinking  was  fastened  to  the 
mooring  barge  by  ten  1-in.  lines.  Two  IJ-in.  or  2-in.  lines  were  at- 
tached to  the  mattress  by  means  of  pin  and  shackle,  and  led  to  dead- 
men  or  trees  on  shore,  both  passing  under  the  mooring  barge.  In  sink- 
ing, the  mattress  was  first  ballasted  by  i^lacing  running  plank  on  it 
and  having  the  laborers  carry  and  distribute  rock  evenly  over  it,  thus 
destroying  its  flotation.  "UTien  the  weight  commenced  to  strain  the 
small  lines  fastening  it  to  the  mooring  barge,  they  were  slackened 
slowly  and  the  mattress  allowed  to  sink  until  the  upper  end  rested  on 
the  bottom.  Then  a  barge  loaded  with  rock  was  pulled  over  the  mat, 
being  directed  by  lines  from  the  mooring  barge  and  bank,  and  the  rock 
was  thrown  out,  sinking  the  mat.  At  Delta  Point,  the  fastenings 
between  the  mooring  barge  and  mat  were  cut,  the  latter  sinking 
rajjidly. 

The  revetment  above  the  low- water  line  was  the  same  as  at  Delta 
Point.  Some  trouble  was  experienced  from  floating  drift  which  accu- 
mulated in  front  of  the  mooring  barge  and  under  the  head  of  the  float- 
ing mattress,  making  it  difficult  to  sink  the  latter.  Many  exj^edients 
were  tried  to  prevent  the  destruction  or  loss  of  work  through  the 
pressure  of  this  drift.  Diagonal  booms  and  chains  Avere  used,  but 
without  a  great  amount  of  success. 

At  Lake  Providence  Reach  during  the  season  of  1882  and  1883,  the 
following  modifications  were  made  in  the  bank  protection  work.  In  the 
woven  mats  alongside  of  every  weaving  pole  or  every  alternate  one, 
depending  on  the  strength  required,  iron  rods  with  welded  eyes  at  each 
end  were  placed  as  the  mat  was  built,  the  ends  of  the  rods  being  con- 
nected by  lap  rings  or  clevises.  These  rods  added  longitudinal 
strength  to  the  mattress,  which  was  much  needed  in  strong  currents 
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and  deep  water.  In  addition  to  these  iron  rods,  at  certain  localities 
where  great  strength  was  essential,  twisted  wire  cables  were  placed  on 
the  mattress  longitudinally,  secured  at  intervals  to  the  weaving  poles 
by  short  wires.  These  mattresses  were  loaded  at  first  next  the  shore, 
and  then  the  head  was  heavily  weighted  so  it  would  go  to  the  bottom 
quickly. 

The  cost  of  grading  varied  from  3^  to  2f  cents  joer  cubic  yard,  but 
the  material  excavated  was  sand,  which  was  moved  with  great  facility. 

The  engineer  in  charge  estimated,  after  making  daily  observations 
for  over  a  month,  that  to  excavate  1  cu.  yd.  of  earth  took  a  fraction 
less  than  1  cu.  yd.  of  water  under  a  pressure  of  140  lbs,  with  a  steam 
pressure  of  80  lbs.  and  a  vacuum  of  26^  ins.  With  a  steam  pressure 
of  80  lbs.  it  took  3  lbs.  of  coal  per  cubic  yard  of  water  thrown  or  earth 
excavated.  He  also  estimated  shovel  grading  at  30  cents  per  cubic 
yard,  or  ten  times  the  cost  of  the  hydraulic  work.  No  change  was 
made  in  the  ujjper-bank  work. 

The  cost  of  the  protection  work  at  Lake  Providence  Reach  during 
1882-1883  was  .^11  20  per  lineal  foot. 

At  Pilcher's  Point  a  change  was  made  in  the  manner  of  handling 
the  mattress  by  the  introduction  of  what  was  called  a  detachable  mat- 
tress head,  which  was  used  in  place  of  a  mooring  barge.  Figs.  11,  12 
and  13  show  the  head  and  details  of  construction.  It  was  made  of 
wood  and  consisted  of  two  chords  20  ft.  apart,  connected  by  a  series  of 
cross  diagonal  bracing  and  a  hog  chain  as  shown  in  the  drawings. 

"  The  up-stream  chord  was  12  ins.  wide  by  30  ins.  deep;  the  lower  one 
12  ins.  wide  by  19  ins.  deep.  These  chords  were  163  ft.  long  and  had 
a  camber  of  6  ins.,  and  were  constructed  of  pine  planks." 

During  the  construction  the  mat  was  fastened  to  this  head  by  lines 
which  were  sunk  with  it,  being  released  by  means  of  a  lever  and  trij^s. 

One  mattress  sunk  was  1.52  ft.  wide  and  1  228  ft.  long.  The  method 
of  using  the  head  was  as  follows:  The  sinking  Avas  commenced  near 
the  center,  the  mattress  being  loaded  with  rock  both  ways  from  this 
point  until  it  had  reached  a  dejith  of  from  10  to  30  ft.  Then  two  rock 
barges  were  lashed  together  and  placed  about  50  ft.  from  the  head  and 
allowed  to  drift  over  the  partly  sunken  mattress,  rock  being  thrown  on 
the  latter  until  it  reached  the  bottom.  Previous  to  the  final  sinking 
the  depth  of  water  over  the  outer  edge  of  the  mattress  head  was  taken 
by  means  of  a  sounding  line  fastened  to  it.     When  the  mattress  had 
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STink  to  two-thirds  the  entire  depth,  ten  men,  by  pulling  a  line  made  fast 
to  a  ring  at  the  end  of  a  lever,  trij^ped  the  triggers,  releasing  the  head 
at  once;  the  mattress  sank  with  its  load  of  rock  to  the  bottom,  and 
the  head  rose  by  means  of  its  buoyancy  to  the  surface.  This  mat- 
tress head  was  not  generally  adoj^ted,  the  old  method  of  mooring 
barges  being  adhered  to,  even  to  the  present  time. 

The  first  work  of  revetment  construction  under  the  direction  of  the 
Mississippi  Biver  Commission  at  New  Orleans  was  commenced  in 
1883. 

Floating  ways  400  ft.  long  were  constructed  by  linking  ten  barges 
together,  each  100  ft.  long  by  20  ft.  wide.  The  woven  mattress  was  used, 
the  weaving  poles  having  iron  rods  fastened  to  them.  The  poles  and 
rods  were  25  ft.  long,  the  rods  linked  together  at  the  ends  making  a 
continuous  weaver.  Two  Xo.  8  wires  were  run  through  and  across  this 
mattress  every  12  ft.,  and  also  heavy  binding  poles  transversely  every 
25  ft. 

After  a  very  high  stage  of  the  river  in  the  season  of  1881:,  it  was 
found  that  in  many  places  in  the  long  reaches  of  protected  bank,  the 
revetment  both  above  and  below  the  low-water  line  was  too  light  to 
prevent  the  caving,  and  at  some  points  the  work  was  considerably 
damaged,  necessitating  changes  in  methods,  strengthening  and  en- 
larging. Much  unfinished  work  was  destroyed  because  of  lack  of 
funds. 

Work  al  Memphis  in  1884. — One  of  the  localities  to  suffer  during 
the  flood  was  the  Memphis  front.  There  the  channel  directly  against 
the  bank  deepened  materially,  undermining  the  small  mats  sunk  in 
former  years.  To  prevent  further  damage  and  in  order  to  replace  the 
destroyed  work,  mattresses  varying  from  150  to  300  ft.  in  width  were 
sunk  and  the  upper  bank  graded  and  paved  with  stone. 

The  300-ft.  mat  was  constructed  by  placing  two  coal  shells  together 
end  to  end  as  a  mooiing  barge,  and  two  mattress  barges  also  end  to 
end  on  which  to  weave  the  mat. 

In  the  construction  of  this  300-ft.  mat  two  g-in.  iron  rods,  ten  J -in. 
iron  rods  aijd  three  §-in.  wire  ropes  were  used  longitudinally.  It  was 
secured  to  the  mooring  barges  by  1-in.  and  Ij-in.  manilla  lines  every 
16  ft.  across  the  head.  Seven  shackle  lines  from  Ij  to  2  ins.  in 
diameter  ran  from  the  head  to  fastenings  on  the  shore,  and  the  moor- 
ing barges  were  held  in  place  by  nine  lines  li  to  2  ins.  in  diameter 
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leading  also  to  tlie  shore  above.  Lines  were  placed  diagonally  across 
the  mat  every  100  ft.  and  fastened  to  the  shore.  This  was  one  of  the 
first  very  wide  mattresses  constructed,  and  notwithstanding  its  addi- 
tional strength  and  the  increase  in  fastenings,  it  was  broken  up  in 
sinking.  The  engineer  in  charge  of  this  work  does  not  report  the  cost 
of  this  large  mattress,  but  estimates  for  upper-bank  revetment  100  ft. 
wide,  86  80  per  square,  and  for  all  protection  work,  upi:)er  slope  3 
to  1,  bank  work  100  ft.  wide,  and  subaqueous  work  150  ft.  wide, 
§17  per  lineal  foot.  During  this  same  season  on  the  Plum  Point 
Reach  the  width  of  mattress  was  increased  to  175  ft.,  one  mattress 
being  constructed  of  this  width  and  2  010  ft.  long,  another  175  x  1  750 
ft.,  and  a  third  175  x  1  713  ft.  Five  wire  cables  were  used  in  the  body 
of  these  mats  longitudinally. 

The  grading  for  shore  protection  was  done  with  hydraulic  power 
at  2  cents  per  cubic  yard. 

The  distribution  of  material  was  as  shown  in  Appendix  A. 

There  were  minor  differences  made  in  form  and  mode  of  construc- 
tion of  the  revetment  at  certain  localities  to  conform  to  special  condi- 
tions and  emergencies,  which  will  not  be  mentioned. 

The  more  important  changes  made  in  the  old  method  of  construc- 
tion at  Hoi^efield  Bend  opposite  Memphis,  in  1884,  were  the  increase  of 
mattress  width  to  150  ft.  and  the  driving  of  a  line  of  piles  8  ft.  apart 
at  al)out  5  ft.  below  low  water,  against  which  the  shore  edge  of  the 
mattress  rested  before  it  sank,  not  allowing  it  to  slide  up  the  bank  on 
a  rising  water. 

The  mattresses  were  made  stronger  and  thicker  by  weaving  brush 
around  but  two  poles,  and  then  laying  the  tails  over  instead  of  weav- 
ing to  the  end,  as  shown  in  Plate  III,  Fig.  2.  This  allowed  of  much 
closer  weaving,  the  taUs  being  secured  by  binding  poles  wired  down 
to  the  weavers,  to  which  also  transverse  poles  8  ft.  apart  were  fastened. 
Five  i-in.  iron  rods  and  two  J-in.  wire  ropes  were  run  through  the 
mattress  longitudinally,  and  every  40  ft.  transverse  wire  ropes  or  i-in. 
iron  rods  were  used,  fastened  to  the  i)iles  at  the  shore  end.  On  the 
upper-bank  work  wire  rope  was  also  introduced  and  much  more  stone 
ballast  was  used.  The  shore  or  upper-bank. revetment  was  extended 
outside  of  the  line  of  piles,  lapping  the  mattress  about  20  ft. 

Spur  Dams  at  Neio  Orleans,  1884. — At  New  Orleans  Harbor  in  1884, 
a  continuous  mattress  400  ft.  wide  was  broken  up  after  sinking,  and  as 
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it  proved  a  verv  difficult  matter  to  jjlace  that  type  of  revetment  along 
the  uneven  line  of  vharves,  some  intact  and  some  wrecked,  the  plan 
was  abandoned  and  a  new  method  adoijted,  viz..  the  placing  of  sub- 
merged spurs  normal  to  the  bank  at  intervals  of  500  to  1  600  ft.,  gen- 
erally at  salient  points.  These  spurs  consisted  of  a  woven  mattress 
foundation  200  ft.  wide,  of  the  ordinary  form  then  in  use,  with  rods 
and  cables  to  strengthen  it,  extending  out  into  the  stream  about  350  ft. 
from  the  low- water  contour,  with  a  narrow  cribwork  filled  with  rock 
on  the  edge  around  three  sides.  When  in  place  and  ready  to  sink, 
this  mattress  was  fastened  to  barges  on  three  sides  by  double  lowering 
lines  1-in.  in  diameter  16  ft.  apart.  Each  lowering  line  passed  around 
a  timber  head  on  the  barge  and  led  thence  through  the  mat  and  up  to 
a  main  rope  which  was  carried  to  a  capstan  near  the  shore.  Ail  these 
lowering  lines  were  fastened  to  the  main  line,  which  was  manipulated 
by  one  man  at  the  capstan. 

The  shore  edge  of  the  mattress  was  connected  by  iron  rods  with 
deadmen  on  the  bank.  Six  large  toggle  lines  were  fastened  to  the 
upper  end  of  the  mattress,  running  thence  to  shore  connections  above. 
The  method  of  sinking  was  similar  to  that  before  employed. 

On  this  mattress  on  a  line  parallel  with  its  up-stream  edge  and  70  ft. 
below  it  were  sunk  in  the  same  manner  six  wooden  cribs  about  5f  ft. 
thick,  containing  pockets  in  which  rock  was  placed  to  sink  them.* 
The  bottom  crib  was  60  ft.  wide,  and  the  toi)  one  22  ft.  The  completed 
cribwork  was  about  300  ft.  long.  The  bottom  crib  was  made  the 
length  requii-ed  to  tit  the  contour  of  the  bank,  the  others  varying  in 
length  in  order  to  give  the  completed  dike  a  top  sitrface  slope  of  about 
3  to  1  from  the  low-water  mark  to  the  river-bed. 

The  cribs  were  made  of  sawed  timber  frames  connected  by  long 
iron  bolts  and  wooden  posts  fastened  with  wooden  pins,  between  which 
and  forming  the  body  of  the  crib  was  placed  willow  brush,  pockets 
being  left  in  the  construction  in  which  to  place  the  rock  for  sinking. 
In  sinking  the  mattress  about  7  lbs.  of  rock  was  used  on  each  square 
foot  of  surface,  the  crib  taking  about  7  lbs.  for  each  cubic  foot  of 
structure. 

The  mattress  cost  87  60  per  square,  and  the  crib  Sj  cents  per  cubic 
foot.     The  total  cost  of  one  completed  spur  was  about  $12  525. 

*  The  number  of  cribB  in  a  dike  varied  with  the  depth  of  water,  cross-section  of 
banks,  etc. 


170  COPPEE    ox    BAXK    REYETMEXT. 

Besulls  of  Early  Works. — By  1885  exjjerience  had  demonstrated  very 
forcibly  the  necessity  of  strengthening  all  the  work  of  revetment  or 
bank  protection  that  had  to  withstand  the  continued  force  of  the  cur- 
rent and  i^revent  the  sloughing  of  the  bank.  Two  very  active  forces 
to  contend  with  were  the  seep  water  that  undermined  the  slope,  and 
the  drift  that  accumulated  at  the  head  of  the  subaqueous  work  during 
construction,  tearing  out  the  fastenings  by  the  increased  pressure  and 
doing  great  damage  to  the  mat  proper.  The  old  mattresses  were  small 
and  easily  handled  during  construction,  but  when  in  jjlace  proved  but 
a  temporary  protection,  except  at  points  where  the  material  comi^os- 
ing  the  bank  was  very  hard  and  tenacious  and  the  current  and  depth 
comparatively  slight;  whereas  the  new  work  offered  great  resistance  to 
the  current,  especially  while  sinking,  necessitating  many  more  and  very 
strong  fastenings.  This  fact  was  not  thoroughly  appreciated  until 
many  accidents  had  occurred.  Even  during  comparatively  low  water 
the  drift  falling  into  the  river  from  caving  banks  gives  trouble, 
and  when  a  considerable  rise  finds  a  revetment  party  with  an  un- 
finished mattress  in  an  exjiosed  position,  the  danger  from  that  source 
is  very  great.  The  drift  accumulates  under  the  mat  head,  forming  a 
much  greater  surface  of  resistance  to  the  current  which  has  to  be  borne 
by  the  head  lines,  making  the  task  of  getting  it  to  the  bottom  safely  a 
very  difficult  one  to  perform. 

At  Memphis  Harbor  in  1885,  the  head  of  the  mattress  was  strength- 
ened by  more  and  better  iron  chains,  and  by  weaving  through  the  mat- 
tress near  its  outer  edge  one  Ij-in.  and  two  2-in.  manilla  lines.  For  a 
600-ft.  mat  250  ft.  wide,  sixteen  head  lines  and  three  diagonal  lines 
were  used,  nearly  all  being  2  ins.  in  diameter.  At  this  time  the 
engineers  at  all  jDoints  began  to  advocate  a  greater  strength  of  mattress 
and  fastenings. 

The  methods  adopted  to  jsrevent  the  sloughing  of  the  upper  bank 
and  general  destruction  by  seep  water  varied  at  different  localities. 
When  the  water  came  through  the  bank  in  well-defined  streams,  tiles 
or  drains  of  wood  or  stone  were  used.  At  one  jilace  a  trench  90  ft.  long 
by  4  ft.  wide  at  the  bottom  and  16  ft.  deep  was  dug  and  tilled  G  ft.  with 
rock,  proving  of  great  benefit. 

The  distribution  of  material  in  1885  and  1886  is  given  in  Appendix  A. 

By  1887  the  general  cost  of  finished  standard  bank  protection  was 
from  about    825   to   830  per  lineal  foot,  dei^euding  on  the  locality, 
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■width  of  mattress,  etc.  This  includecl  all  expenses  of  repairs  and 
administration. 

In  this  year  on  the  Plum  Point  Reach  the  experiment  was  made  of 
protecting  the  bank  in  a  certain  bend  by  detached  pieces  of  revetment 
at  intervals  of  about  500  ft.  The  i-esults  obtained  and  the  discussion  of 
this  method  will  be  given  further  on. 

Work  Bone  i/i  1887-88. — "Priorto  1873  the  portion  of  the  river  bank 
at  Memphis  constituting  the  harbor  front  was  comijaratively  stable. 
In  1876 it  had  receded  350  ft.,  and  continued  to  cave  at  the  rate  of  100 
ft.  per  annum."  The  next  year,  1877,  Congress  directed  that  a  survey 
be  made  and  a  rejjort  submitted.  The  plan  adopted  was  for  protec- 
tion by  revetting  the  bank  with  willows  ballasted  with  rock.  This  work 
was  carried  on  without  much  change  in  bank  line  up  to  1881,  when  the 
new  and  more  substantial  revetment  was  adoj^ted.  About  that  year  a 
comi^lication  of  changes  took  jilace  in  the  river  in  that  vicinity.  Hope- 
field  Bend  Point  was  caving  away  rapidly,  thus  throwing  the  resultant 
of  greatest  jiressure  lower  on  the  Memi^his  side,  relieving  much  of  the 
bank  already  revetted  and  threatening  the  paved  levee  and  the  land- 
ings below.  By  1887  the  greater  part  of  this  front  had  been  protected, 
but  the  continued  recession  of  the  Arkansas  side,  and  the  accumulated 
energy  in  the  water  passing  along  the  lower  revetment  on  the  city  front, 
augmented  the  caving  still  further  down  the  river,  where  the  bank 
conditions  are  very  different  from  those  existing  above.  Instead  of  a 
sloping  paved  levee  from  low  water  to  high,  the  bluff  rises  nearly 
vertically  to  the  height  of  about  100  ft.  Here  spur  dikes  somewhat 
similar  to  those  used  at  New  Orleans  were  substituted  for  the  continu- 
ous revetment.  The  sjjurs  were  placed  about  500  ft.  apart  between 
centers  and  x'eached  from  the  foot  of  the  bluff'  to  the  bed  of  the  river. 

These  spurs  were  constructed  jaartly  by  funds  contributed  by  the 
city  of  Memphis  and  partly  by  Government  appropriation.  The  mode 
of  construction  in  its  general  features  was  similar  to  that  in  use  at 
New  Orleans.  The  foundation  mattress  and  cribs,  one  placed  on 
another,  reaching  the  required  heights  and  inclination,  were  sunk  in 
practically  the  same  manner.  A  more  minute  description  of  the  method 
of  spur  construction  is  given  under  the  head  of  "Details  of  Greenville 
Dike  Construction,"  where  the  author  was  in  local  charge  and  the 
work  was  practically  the  same  as  that  at  Memphis. 

In  1888  the  whole  system  of  revetment  at  Memi)his  comprised  a 
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bank  protection  of  -willows  and  stone  about  2  miles  in  length,  and  it 
■was  estimated  that  1  mile  more  would  be  required  to  complete  the 
work.  In  Hopefield  Bend,  opposite  and  above  Memphis,  it  was  esti- 
mated also  that  1  mile  farther  downstream  would  have  to  be  protected 
to  hold  Hopefield  Point,  in  order  to  control  and  guide  the  channel  of 
the  river  in  the  desired  direction. 

The  distribution  of  material  and  cost  of  work  during  the  season  at 
Hopefield  Bend  and  Memphis  Harbor  are  shown  in  Appendix  A.  The 
cost  of  the  Hopefield  Bend  work  from  September,  1887,  to  January, 
1888,  subafiueous  mats  and  upper-bank  revetment  combined,  including 
administration,  repairs  to  plant,  towing,  etc.,  was  $4  44  per  square 
covered. 

At  Gi'eenville,  Miss. ,  a  similar  project  to  that  undertaken  at  Mem- 
phis was  adopted.  The  dikes  were  constructed  partly  by  funds  con- 
tributed by  the  town.  Ten  dikes  were  built,  nine  of  about  the  same 
form  as  those  used  at  Memphis,  and  one  having  cribs  formed  with 
frames  of  3  x  4-in.  sawed  gum  lumber,  in  lengths  of  8  and  16  ft., 
fastened  by  J-in.  bolts  at  each  intersection.  Here  in  constructing  the 
upper-bank  revetment  the  old  method  of  carrying  and  distributing 
rock  on  the  willows  by  hand  was  abandoned,  and  a  carrier  devised  to 
take  it  from  the  barge  and  distribute  it  along  the  slope.  It  consisted 
of  a  pile-driver  placed  outside  of  the  stone  barge,  and  a  wire  rope 
Ij  ins.  in  diameter,  fastened  to  its  leads  and  passing  thence  to  and 
over  a  trestle  about  16  ft.  high  on  top  of  the  bank,  anchored  to  a  dead- 
man  or  stump  40  ft.  back.  A  box  was  suspended  from  a  traveler  which 
ran  on  the  wire  rope  and  was  actuated  by  the  hoisting  machinery  on 
the  driver,  and  unloaded  by  a  trip  line  maniinilated  from  the  ground. 

On  this  work,  the  upper  portion  of  the  upper-bank  revetment  had 
two  layers  of  brush  instead  of  one  as  had  been  the  custom. 

The  ten  dikes  constructed  during  the  season  cost,  including  towing, 
SlOl  Oil  03,  or  about  .i?10  101  10  each.  About  5  000  ft.  of  bank  was 
thus  protected,  at  a  cost  of  about  $20  20  per  foot. 

At  New  Orleans  Harbor  the  methods  of  dike  construction  were 
modified  in  order  to  get  a  more  substantial  form  of  protection.  The 
iron  rods  in  the  cribs  were  dispensed  with  and  replaced  by  wooden 
stanchions,  the  thickness  of  the  cribs  was  increased  to  6  ft. ,  the  depth 
of  rock  pockets  was  reduced  to  about  one-third  the  thickness;  the 
cribs  were  loaded  as  heavily   with  rock  before  being  lowered  to  the 
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bottom  as  the  lowering  lines  would  stand,  and  no  I'ock  was  thrown  on 
them  after  being  placed  on  the  mattress.  The  cost  of  the  New 
Orleans  cribwork  was  4  57  cents  per  cubic  foot,  excluding  care  of 
plant,  etc.  One  mattress  cost  ^7  54  a  square,  and  another  cost  ^9  11. 
The  rock  for  this  work  cost  $4  11  per  cubic  yard. 

Work  Done  in  1888-90.— Vp  to  the  year  1888  the  purpose  for 
which  bank  revetment  had  been  used  was,  as  has  been  demonstrated, 
the  protection  of  vahiable  property,  wharves,  landings,  warehouses, 
etc.,  and  maintaining  the  river  in  certain  reaches  within  given  limits 
of  curvature  and  position  with  reference  to  shoals  and  bends  above  and 
below,  in  order  to  regulate  low-water  depths,  etc. 

In  1888  it  became  apparent  that  unless  some  action  was  taken  to 
prevent  the  caving  in  some  of  the  lower  bends,  cut-oflfs  would  occur, 
producing  very  radical  changes  in  the  regimen  of  the  river  for  many 
miles  above  and  below.  To  prevent  this  occurring  at  Ashbrook  Neck, 
the  upper  bend  of  *the  peninsula  was  revetted  with  the  standard  type 
of  continuous  mattress  and  upi)er-bank  work.  Also  at  Lake  Bolivar, 
where  the  bank  was  receding  gradually  toward  the  large  inland  lake, 
and  the  river  threatening  to  turn  a  j^ortion  of  its  water  into  the  back 
country,  the  formation  of  the  outlet  was  prevented  by  the  use  of  con- 
tinuous mattress  protection. 

This  year  the  mattress  work  at  Plum  Point  Reach  was  200  ft.  wide, 
and  was  held  out  to  near  the  low- water  line  by  piling;  the  upper  bank 
was  graded  to  a  more  gentle  slope.  On  a  portion  of  the  work  the  brush 
was  not  x^laced  on  the  upper  bank,  and  in  its  place  from  about  the  13- 
ft.  stage,  where  the  connecting  mat  ended,  to  near  the  top  of  the  slope, 
stone  leaving  was  laid  on  the  bare  ground  to  a  thickness  of  10  ins.  No 
cost  is  given  of  this  first  paving. 

At  Hopefield  Bend  Point  and  Memphis,  the  river  continued  to 
creep  to  the  west  and  south,  destroying  the  former  point  and  training 
the  thalweg  toward  the  bluffs.  It  had  been  the  purpose  of  the  engi- 
neer in  charge  to  allow  this  action  to  continue  until  the  channel  was  in 
the  required  direction,  then  to  check  the  caving  on  the  Arkansas  side 
with  strong  continuous  revetment,  which,  when  accomplished,  would 
maintain  the  best  depths  and  velocity  of  water  along  the  Memphis  city 
landing.  "When  the  time  came  for  putting  a  stop  to  the  caving  at 
Hopefield  Point,  funds  were  not  available,  and  the  project  could  not 
be  fulfilled.     The  point  caved  nearly  half  a  mile  too  far  before  means 
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were  obtained  to  check  it.  By  that  time  a  bar  had  formed  at  the  upper 
end  of  Memphis  Harbor  which  threatened  to  obliterate  completely  a 
large  portion  of  the  city  landing.  It  is  justly  claimed  that  this  filling 
in  the  upper  end  of  the  harbor  is  not  due  to  imperfect  methods  or  ap- 
pliances nor  to  faulty  engineering  ^irojects,  but  simply  to  not  having 
the  money  to  carry  out  the  plans  as  formulated. 

In  1J*88,  4  105  ft.  of  continuous  standard  revetment  was  placed  in 
Hopefield  Bend,  a  total  width  of  335  ft.,  the  subaqueous  mat  being  196 
ft.  wide,  the  grade  of  the  upper  bank  3  to  1,  and  the  upper-bank  revet- 
ment 139  ft.  wide. 

The  entire  revetment,  including  mat  and  bank  work,  administra- 
tion, care  of  plant,  repair's,  towing,  etc. ,  embracing  an  area  4  650  ft. 
long  by  338. 6  ft.  wide,  covering  15  749  squares,  cost  34  75  per  square. 

At  Bolivar  Landing  in  1888  the  mattresses  and  upper-bank  revet- 
ments were  similar  to  those  used  at  other  jioints.  The  former  varied 
in  length  from  224  ft.  to  1  100  ft.,  and  in  width  from  180  ft.  to  250  ft. 
The  cost  was  S91  341  78,  or  S6  95  per  square,  and  §21  24  per  lineal  foot. 
Including  all  charges  against  this  work  the  cost  was  89  26  jier  square, 
or  §28  31  per  lineal  foot.  This  latter  would  be  reduced  somewhat  by 
allo'tt'ing  for  rock  unloaded  on  the  bank.  V»iit  not  used,  aud  the  towing 
charges  against  it. 

At  Greenville  Harbor  the  dikes,  as  before  stated,  were  500  ft.  apart, 
leaving  between  them  an  unprotected  space  of  about  300  ft.  The  foun- 
dation mats  were  about  200  ft.  wide,  extending  out  into  the  river  from 
375  to  415  ft.  At  first  the  dikes  caused  the  deep  water  to  move  out 
toward  the  center  of  the  river,  the  dejjth  being  increased  in  the 
channel.  The  30-ft.  contour  moved  out  225  ft.  and  some  deposit 
showed  on  the  cribs.  At  the  upper  end  of  the  system  considerable 
caving  had  taken  place.  To  check  it  706  ft.  of  continuous  revetment 
was  placed  250  ft.  wide;  also  for  700  ft.  below  the  mattress-work  the 
bank  was  graded,  and  250  ft.  of  it  covered  with  brush.  In  the  interval 
between  some  of  the  dikes  sloughing  had  occurred  which  had  to  be 
repaired  by  mattress  work. 

Owing  to  the  tenacity  of  the  soil  and  the  strong  work  jilaced  at 
Delta  Point,  Vicksljurg— about  10  000  lin.  ft.  in  1882-1883— but  little 
repair  had  been  necessary  up  to  1889,  when  a  small  portion  of  the 
upper  bank  was  graded  back  and  a  revetment  j^laced  on  it,  with 
diagonal  layers  of  brush,  well  covered  with  rock. 
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At  New  Orleans  tlie  old  work  placed  prior  to  1884  was  practically 
intact  in  1889.  After  1884  the  spurs  had  moved  the  deep  water  away 
from  the  bank  100  ft. ,  with  no  increase  of  maximum  depth,  as  at  Green- 
ville. The  depth  of  water  at  one  iDoint  where  it  was  proposed  to  con- 
tinue the  construction  of  the  system  of  dikes  was  found  to  be  150  ft. 
In  order  to  make  the  spur  conform  to  this  depth  and  have  the  required 
surface  elevation,  it  was  necessary  to  build  the  cribs  450  ft.  long  and 
the  mattress  longer.  The  ways  not  being  of  sufficient  length,  a  supple- 
mentary mat  was  constructed  and  placed  at  the  outer  edge  of  the  woven 
mattress,  being  over  100  ft.  wide.  This  supplementary  mattress  was 
made  on  the  plan  of  those  used  in  the  sill  dams  at  the  head  of  the 
Atchafalaya,  mouth  of  the  Red  River,  and  somewhat  similar  to  the  old 
jjin  and  frame  construction  described  in  the  beginning  of  this  paper. 
It  was  made  of  2  x  4-in.  scantling  frames,  placed  8  ft.  apart.  Toj?  and 
bottom  frames,  with  brush  between,  were  joined  together  by  2-ft. 
stanchions,  fastened  in  sill  and  cap  by  a  6-in.  wire  nail  and  a  J-in. 
pine  treenail.  The  willows  on  the  bottom  layer  were  nailed  to  the 
frame  to  strengthen  the  mat  and  keep  it  from  pulling  apart.  This 
mattress  was  sunk  300  ft.  from  the  shore  in  about  153  ft.  of  water  and 
in  a  current  of  about  5  ft.  j^er  second.  An  additional  lowering  barge 
had  to  be  placed  outside  of  those  used  for  the  main  mat;  guide  chains 
from  anchors  formed  of  loaded  kegs  were  used  also  to  insure  accurate 
sinking.  The  mat  was  loaded  and  sunk  in  the  customary  manner.  It 
cost  39  56  per  square;  the  woven  mat,  -SB  39  per  square.  The  cribwork 
placed  on  these  mattresses  cost  4  cents  i^er  cubic  foot.  This  dike  when 
finished  was  the  largest  submerged  spur  ever  constructed  on  the 
Mississippi  River,  and  probably  in  this  country. 

In  the  autumn  of  1889  the  work  of  protecting  the  bank  at  Hickman 
Harbor,  Ky.,  began.  Hydraulic  grading  and  the  usual  method  of 
bank  revetment  were  used.  The  first  mattress  was  sunk  on  a  project- 
ing point,  neces.sitating  the  use  of  anchors  in  order  to  get  a  correct 
lead  for  the  head  lines.  The  Chinese  anchors  used,  the  positions  of 
the  barges,  etc.,  are  shown  in  Figs.  14,  15,  16  and  17.  The  mattresses 
were  300  ft.  wide  by  750  ft.  long,  connected  by  shore  mattresses  to  the 
upper-bank  revetment.  The  cost  of  the  work  complete  was  §24  77  per 
lineal  foot. 

At  Plum  Point  in  this  same  season  all  the  connecting  mats  were 
dispensed  with  at  some  jjoints,  the  mat  being  held  well  into  the  bank, 
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and  a  shore  revetment  constructed  connecting  with  it  before  it  was 
sunk. 

At  Columbus  Harbor,  Kt.,  this  season,  crib  dikes  were'constructed, 
consisting  of  the  ordinary  woven  mattress  carpet,  and  a  single  crib, 
28  ft.  by  8  ft.,  extending  from  the  upper  edge  of  the  mattress  to  a  point 
240  ft.  beyond  the  low-water  line.  The  longitudinal  axis  of  the  crib 
was  about  12  ft.  above  that  of  the  mattress. 

The  cost  of  the  work  was  4  cents  j)er  cubic  foot,  -SB  70  per  square, 
and  822  65  per  lineal  foot. 

During  the  season  the  improvement  of  Helena  Harbor  was  also  under- 
taken.    The  project  coutemjilated  the  jilaeing  of  000  ft.  of  continuous 
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revetment  and  five  spur  dikes.  The  mattress  work  was  228  ft.  wide 
and  613  ft.  long.  The  dike  mats  were  about  200  ft.  wide  and  330  ft. 
long,  the  cribs  varying  with  the  slope  and  depth  of  the  water.  The 
cost  of  the  work  was  S3  90  per  square  of  subaqueoi\s  mattress  made, 
and  84  89  per  square  of  mattress  covered. 

Seven  cribs,  containing  355  672  cu.  ft.,  cost  4.4  cents  per  ciibic 
foot. 

In  1889  steel  cables  were  used  for  the  first  time,  with  shackles  or  tog- 
gles as  head  lines,  in  place  of  manilla  ropes.  Their  use  had  been  advo- 
cated, but  the  difficulty  of  liaudliug  tlunn  caused  engineers  to  doubt 
their  value  from  an  economical  standpoint.    Their  great  sujieriority  over 
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the  manilla  line  was  not  so  mucli  in  their  strength  as  in  their  durability 
and  the  fact  that,  as  compared  with  manilla,  they  practically  remained 
of  uniform  length  under  the  strains  produced  in  mattress  sinking. 
The  manilla  ropes  required  a  constant  taking  up  and  adjusting  in 
order  to  maintain  an  equal  pressure,  whereas  the  steel  cables  could  be 
placed  at  once,  and  the  strains  readily  distributed  throughout  the 
system  of  head  lines,  necessitating  but  little  change  or  further  work. 
This  introduction  of  steel  cables  as  head  lines  was  a  very  important 
improvement  in  mattress  construction,  reducing  to  a  minimum  the 
chances  of  loss  where  a  sufficient  number  of  strong  shore  fastenings 
were  used.  A  new  manilla  line  when  subjected  to  great  strain  will 
stretch  far  beyond  the  limit  of  one  that  has  obtained  a  permanent  set 
by  continued  use,  and  when  used  among  older  head  lines  it  produces 
a  lack  of  unison  iu  the  system  which  is  often  followed  by  disaster. 

At  first  the  mooring  barge  cables  were  fastened  to  wooden  cavels, 
but  it  soon  became  apparent  that  these  would  not  have  sufficient 
strength,  so  they  were  made  of  cast  iron.  The  shore  fastenings  were 
generally  deadmen,  with  keys  or  timbers  18  to  24  ins.  in  diameter. 
At  this  time  it  also  became  apparent  that  much  of  the  loss  by  slough- 
ing down  of  the  bank  was  due  to  the  fact  that  it  was  not  graded 
to  a  light  enough  slope.  Of  course,  in  many  places  to  overcome 
entirely  the  tendency  to  slough,  it  would  be  necessary  to  grade  to  an 
exceedingly  gentle  slope,  the  angle  of  repose  of  wet  earth,  but  this 
was  not  advocated,  it  being  deemed  advisable  to  grade  to  about  4  or 
5  to  1  only,  thus  reducing  to  a  practical  minimum  the  sloughing 
tendency.  The  additional  cost  of  flattening  the  slope  was  compensated 
for  by  leaving  from  8  to  10  ft.  at  the  top  of  the  bank  vertical,  or  with 
its  natural  inclination  prior  to  grading.  It  was  found  that  little  or 
no  caving  took  place  at  the  crest  when  the  rest  of  the  bank  was  pro- 
tected. 

It  was  suggested  that  planting  Bermuda  grass  on  this  upper  slope 
would  be  advantageous,  but  this  was  found  to  be  a  poor  expedient  as 
a  protracted  high- water  season  would  kill  it.  Willow  plantations  have 
been  more  successful,  but  they  add  very  little  strength  and  cause  but 
Blight  deposit  in  the  rapid  current  along  the  protected  bank. 

On  the  Lake  Providence  Reach,  Louisiana  Bend,  the  upper  bank 
was  first  graded  to  a  slope  of  about  4  to  1  and  then  paved  with  rock  to 
a  thickness  of  10  ins.     The  rock  was  carefully  laid  by  hand  directly  on 
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the  bank,  no  willow  revetment  being  placed  under  it  as  a  foundation, 
as  liad  been  formerly  the  custom. 

Where  the  upper  bank  had  been  previously  revetted  with  willow 
brush  ballasted  ^ith  stone  it  was  found  that  in  about  four  years  the 
willows  above  the  low-water  line  rotted  out,  necessitating  an  entire  re- 
newal, which  meant  the  removal  of  the  work  and  redressing  of  the  bank. 
It  was  exjjected  that  by  placing  the  rock  directly  on  the  bank  this  would 
be  avoided,  and  by  making  it  thick  enough  it  would  prevent  abrasion. 
Where  the  willow  revetment  is  constantly  under  water  it  does  not 
deteriorate  except  from  the  mechanical  action  of  running  water; 
whereas,  if  it  be  exposed  to  the  air  and  sun  it  disintegrates  in  from  three 
to  four  years.  By  thus  dispensing  with  the  upper-bank  willow  work, 
the  first  cost  of  revetment  was  considerably  increased,  but  it  was  hojjed 
that  its  greater  permanency  would  more  than  compensate  for  the  extra 
expense  incurred. 

The  mattresses  on  this  work  were  from  300  to  342  ft.  wide  and  sunk 
in  lengths  of  from  about  500  to  1  000  ft. ;  they  were  built  and  sujik  as  on 
the  upper  river,  against  a  line  of  piling. 

Shore  mattresses  lapping  the  main  mattress  were  used  when  neces- 
sary. The  main  mattresses  were  strengthened  by  weaving  |-in.  wire 
cable  longitudinally  through  them,  spaced  16  ft.  apart,  and  placing 
holding-in  cables  every  16  ft.  across  them.  The  latter  were  fastened 
to  deadmen  on  the  shore,  and  tightened  by  tackle  blocks  after  the 
upper  slope  was  graded. 

The  grading  here  was  done  after  the  subaqueous  mattress  was  sunk. 
The  engineer  in  local  charge,  Arthur  Hider,  M.  Am.  Soc.  C.  E.,  claimed 
this  to  be  bad  practice,  giving  among  others  the  three  following  reasons 
for  grading  the  bank  before  building  and  sinking  the  mattresses. 

FirsL — The  graded  bank  allowed  the  holding-in  cables  to  be  placed 
permanently,  with  the  proper  strain  and  position  to  insure  the  mat- 
tress sinking  in  the  desired  place. 

Second. — By  dispensing  with  the  piling  the  mattress  would  sink  on 
a  uniform  slope,  not  being  canted  up  on  steejj  uneven  ground. 

Third. — The  rock  could  be  unloaded  directly  on  the  finished  slope, 
not  necessitating  double  handling. 

The  labor  cost  of  the  work  was  $71  679  16  for  27  367  squares,  or 
$2  62  per  square. 

At  Greenville  in  1890  the  si)ur  dikes  were  intact,  but  the  current 
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was  attacking  the  bank  at  the  uiDper  end  of  the  system,  threatening 
its  destruction.  The  dikes  could  not  be  considered  entirely  success- 
ful. At  some  points  the  bank  in  the  unprotected  intervals  between 
the  cribs  had  caved  badly.  At  some  the  30-ft.  contour  had  moved  out, 
but  at  others  the  reverse  was  the  case,  while  in  much  of  the  improved 
reach  the  outer  ends  of  the  dikes  had  been  undermined.  The  amount 
of  deposit  between  the  dikes  varied  at  different  seasons,  with  the 
change  in  the  stage  of  the  water  and.its  height. 

In  1889  the  author  added  two  dikes  at  the  head  of  the  Greenville 
system,  and  as  they  were  built  in  a  practically  similar  manner  to  those 
sunk  in  previous  years  and  those  adopted  for  other  harbors,  a  descrip- 
tion of  the  details  of  construction  will  cover  all  the  i3artly  stibmerged 
spur  types  in  use  on  the  river. 

Details  of  Greenville  Dike  Construction. — The  dikes  consist  of  cribs 
made  of  willow  poles  and  brush  fastened  by  wire  and  sjoikes,  having 
pockets  formed  in  them  in  which  rock  is  placed  to  sink  them,  and  hav- 
ing for  a  foundation  a  mattress  woven  and  sunk  in  the  manner  hereto- 
fore described.  They  are  placed  normal  to  the  bank  line  and  500  ft. 
apart,  and  reach  out  beyond  the  deepest  water  in  the  channel  next  the 
shore.  The  purpose  they  are  expected  to  serve  is  the  protection  of  the 
bank  immediately  at  the  point  they  occupy  and  the  indirect  protection 
of  the  intermediate  spaces  by  deposit,  due  to  the  eddy  and  dead  water 
formed  by  their  position  relative  to  the  swift  current  of  the  river. 

After  an  accurate  hydrographical  survey  of  the  locality  to  be  im- 
proved, a  mattress  290  ft.  long  by  290  ft.  wide  extending  about  50  ft. 
beyond  the  deepest  water  was  constructed  on  floating  ways,  of  willow 
brush  and  poles,  wire  and  spikes,  and  launched  into  the  river  as  woven. 
After  being  fastened  by  cable  shackle  lines  to  the  shore  above,  it  was 
ballasted  and  then  sunk  in  the  usual  manner. 

The  mattress  was  the  foundation  for  the  main  body  of  the  dike, 
which  was  formed  of  cribs.  The  dimensions  and  general  form  of  cribs 
were  governed  by  the  profile  of  the  bank  immediately  at  the  point 
where  the  dike  is  located.  The  dike  under  consideration  contained  but 
two  cribs,  the  lower  one  212  ft.  long  by  32  ft.  wide  and  8  ft.  deep,  of 
uniform  section;  the  uiijier  one,  170  ft.  long,  16  ft.  wide  and  8  ft.  deep. 
The  longitudinal  axis  of  the  cribs  was  90  ft.  below  the  up-stream  edge  of 
the  mattress.  The  dike  was  finished  with  as  nearly  a  uniform  surface 
as  possible,  having  a  slope  of  4  to  1  from  the  river  end  to  the  top  of 
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the  graded  bank.  The  cribs  were  each  right  rectangular  prisms  in 
general  form.  Where  four  or  five  were  required,  the  top  one  was  16  x  8 
ft. ,  the  next  32  x  8  ft. ,  the  next  48  x  8  ft. ,  and  so  on,  the  last  one  sometimes 
teing  constructed  to  conform  to  the  irregularities  of  the  bottom,  but 
liaving  a  uniform  toj)  surface. 

The  details  of  crib  construction  were  as  follows : 
A  framework  of  poles  and  willows  was  laid  on  the  floating  ways  on 
which  the  mattress  was  constructed,  in  8-ft.  squares,  to  the  required 
length  and  breadth.  On  this  frame  layers  of  brush,  both  longitudinal 
and  transverse,  were  placed,  and  on  these  another  frame  similar  to  the 
first,  then  other  layers  of  willows  followed  by  a  frame,  and  so  on  until 
the  crib  had  attained  a  thickness  of  3  ft.  Then  the  frames  and  inter- 
mediate layers  of  brush  were  thoroughly  sewed  together  with  ^o.  12 
wire  and  9-in.  spikes,  wire  being  left  projecting  far  above  the  last  frame 
to  fasten  the  lower  to  the  upper  cribwork.  When  the  construction 
had  reached  this  stage  the  partly  finished  crib  was  launched  from  the 
mat  barge  and  placed  over  the  mattress  on  which  it  was  to  rest.  It 
was  then  fastened  by  lines  to  the  mooring  barges,  which  held  it  in 
place,  and  also  connected  with  the  shore  by  shackle  lines  leading  well 
up  the  river. 

At -the  intersections  of  the  frame  poles,  8  ft.  apart,  upright  posts 
9  ft.  high  were  then  securely  fastened,  and  to  these,  as  well  as  to  the 
lower  frame,  the  crib  was  built,  pockets  or  compartments  being  formed 
in  each  8-ft.  square,  the  shape  of  an  inverted  frustum  of  a  pyramid, 
by  dropping  back  one  pole  as  each  layer  of  brush  was  laid  above  the 
bottom  3-ft.  foundation.  When  finished  the  crib  was  8  ft.  deep, 
with  pockets  8  ft.  center  to  center,  about  5  ft.  deep,  and  each  capable 
of  holding  about  3  cu.  yds.  of  loose  rock.  The  whole  crib  was  securely 
held  together  throughout  with  spikes,  wire  and  f-in.  cables.  The 
process  of  sinking  was  practically  the  same  as  in  the  case  of  the  mat- 
tress. After  the  crib  was  securely  fastened  to  the  bank  by  cables 
placed  carefully  over  the  mat  in  the  desired  position,  and  after  being 
checked  up  well  by  slip  lines  to  the  mooring  barges,  rock  was  thrown 
into  the  pockets  until  they  were  filled.  When  the  weight  had  con- 
siderably more  than  overcome  the  buoyancy  of  the  structure,  the  strain 
on  the  lines  being  very  great  and  the  crib  in  a  sinking  condition,  then 
the  slip  lines  were  rendered  slowly,  care  being  taken  to  keep  the  strain 
uniform  until  the  crib  settled  in  its  i>lace  on  the  mattress.     In  the  case 
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of  the  second  crib,  it  was  built  16  ft.  narrower,  as  before  stated,  and 
sunk  in  the  same  manner  on  top  of  the  first  one,  thus  forming  a  sill  1& 
ft.  high. 

After  the  mattress  was  constructed  and  sunk,  before  the  cribs  were 
started,  the  portion  of  the  bank  above  the  mat  and  water  line  was 
graded  to  a  slope  of  4  to  1,  preijaratory  to  covering  it  with  a  revet- 
ment of  willow  and  stone,  which  was  connected  with  the  submerged 
mattress. 

The  grading  was  done  with  a  sluice  as  before  described. 

After  completing  the  grading,  the  revetment  was  laid;  first  a  frame- 
work of  poles  in  8-ft.  squares,  then  two  diagonal  layers  of  brush 
placed  on  it,  then  another  framework  corresponding  to  that  below, 
and  the  entire  mass  tied  together  securely  with  wire  and  spikes.  On 
this,  stone  was  laid  close  enough  to  hide  the  brush. 

When  the  revetment  was  finished  and  the  mattress  and  submerged 
cribs  sunk,  the  upper  end  of  the  latter  was  joined  to  an  upper-bank 
crib  which  carried  the  regular  slope  of  the  top  surface  of  the  dike 
to  its  intersection  with  the  upper  bank. 

This  iipper-bank  crib,  though  constructed  on  the  ground,  was  in 
form  similar  to  those  made  on  the  ways,  and  formed  but  the  continua- 
tion of  the  subaqueous  work. 

The  brush  for  the  work  cost  per  cord $1  11\  and  .fl  09 

The  poles,  per  cord  1  47^     "      1  48 

The  rock,  per  cubic  yard 1  50       "      1  95 

All  of  the  material  was  delivered,  the  brush  and  poles  at  the  con- 
tractor's camp,  and  the  stone  at  the  work  on  board  of  government 
barges,  for  that  price.  The  total  money  expended  in  building  two 
dikes  was  $24  037  76.  More  cables  and  other  materials  were  used  in 
these  dikes  than  had  formerly  been  the  custom.  The  field  cost  and 
material  used  in  their  construction  are  shown  in  Appendix  A. 

The  total  cost  of  the  dike  was:  Foot  mat,  S3  830  49;  crib  No.  1, 
i^l  698  73;  crib  No.  2,  $871  55;  revetment,  $3  167  82;  shore  crib,  $92  69; 
total  field  cost,  $9  661  28.  The  gross  cost  of  the  entire  work  was  con- 
siderably greater  than  the  net  cost  as  shown  in  this  dike  would  indi- 
cate, because  of  the  difficulty  of  obtaining  good  labor  during  that  sea- 
son, the  run  of  drift,  the  remoteness  from  the  base  of  supplies,  and  the 
excessive  amount  of  material  used  in  the  first  dike  constructed,  the 
cost  per  unit  being  much  in  excess  of  that  of  the  second  dike. 
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The  cost  of  continuoiis  repair  revetment  work  at  Bolivar  Landing 
during  the  season  of  1889  was  SIO  68  per  square. 

New  Orleans  Spur  Dikes. — In  1890  the  construction  of  spur  dikes 
at  New  Orleans  was  continued.  There  the  dikes  were  much  larger  than 
at  other  points.  In  that  portion  of  the  river,  this  particular  kind  of 
bank  protection  is  especially  well  adapted  to  the  existing  conditions. 
As  before  stated,  the  small  variation  in  elevation  of  water  surface,  as 
compared  -ndth  points  above  Eed  Eiver,  the  less  rapid  caving  and  the 
more  uniform  flow,  all  produce  a  condition  favorable  for  the  adoption 
of  that  method. 

One  of  the  dikes  built  this  season  was  the  largest  ever  placed  in 
the  river.  It  contained  about  3  400  cords  of  willows,  80  000  ft.  of 
lumber,  2  000  tons  of  rock,  5  500  lbs.  of  wire,  60  kegs  of  nails  and 
spikes,  and  8  OUO  lbs.  of  iron  rods  and  chain.  Its  length  was  430  ft., 
and  height  60  ft.     The  depth  of  the  water  at  its  outer  edge  was  152  ft. 

The  dikes  were  constructed  of  sawed  lumber  frames  in  place  of 
rough  willow  pole  frames,  as  in  the  ui^per-river  work,  and  they  were 
formed  of  cribs  in  some  cases  five  and  six  tiers  high.  Fig.  18  shows 
cross-section  of  some  of  these  spurs  of  1890. 

This  season  a  departure  was  made  from  the  plan  before  adopted, 
which  changed  the  dikes  from  purely  submerged  structures  to  a  form 
somewhat  similar  to  those  used  at  Memphis  and  Greenville.  This 
consisted  in  carrying  the  dike  above  low  water  by  connecting  it  with 
an  earthen  levee  with  a  crowTi  of  10  ft.  and  slopes  of  3  to  1,  the  bank 
being  first  graded  to  a  gentle  slope.  On  this  levee  rock  was  placed  to 
a  thickness  of  9  ins.,  forming  a  pavement  covering  the  levee  and  ex- 
tending 20  ft.  above  and  50  ft.  below  it  (see  Fig.  18). 

The  average  field  cost  of  these  dikes  in  1890,  not  including  adminis- 
tration, repairs,  etc.,  was  37  15  per  square  for  mattress  work  and  3.6 
cents  per  cubic  foot  for  cribwork.    These  spurs  average  1  000  ft.  apart. 

The  standard  revetment  by  this  time  had  become  generally 
adopted,  and  consisted  of  continuous  revetment  and  dike  construction. 
The  standard  revetment  as  used  in  1890  in  the  upper  districts  is  de- 
scribed in  detail  in  the  report  for  1891  of  the  Chief  of  Engineers  of  the 
United  States  Army.  As  the  woven  mattress  and  willow  upper- 
bank  revetment  had  reached  its  most  perfect  form,  and  was  shortly  to 
be  replaced  by  an  entirely  different  kind  of  willow  work  for  the  sub- 
aqueous portion  and  paving  of  the  upper  bank,  a  description  of  it  will 
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be  given   as   illustrating   tlie    liigliest   development   from   the   crude 
methods  of  1882  of  this  type  of  protection  work.* 

Construction  of  Standard  Bank  Protection,  1890. — After  staking  out 
the  top  of  the  slojse  to  a  grade  of  4  to  1,  measuring  from  the  low-water 
line,  the  bank  is  cleared  of  all  trees  and  trash  50  ft.  back  of  the  top. 
When  the  clearing  has  been  carried  ahead  a  sufficient  distance,  one 
or  two  hydraulic  graders  are  started  and  the  bank  sloped  in  the 
manner  heretofore  described.  "After  grading,  the  bank  is  dressed  by 
hand,  all  holes  being  filled  wp  with  brush  and  dirt." 

Either  after  or  before  grading,  the  latter  being  preferable,  all 
snags  are  removed  from  the  bank  in  the  reach  in  which  the  mattresses 
are  to  be  placed.  Two  methods  are  resorted  to,  blasting  and  pulling 
with  steamboats.  The  snag  boat  method  is  less  expensive,  but  more 
satisfactory  if  followed  by  the  submarine  diver. 

When  a  considerable  reach  of  bank  has  been 
cleared,  the  snags  removed,  and  the  grading 
completed,  an  abutment  is  constructed  con- 
sisting of  two  piles  driven  15  ft.  apart  and 
parallel  with  the  bank,  and  10  to  15  ft.  inside 
the  low-water  line.  Out  from  and  directly 
opposite  these,  at  the  low-water  line  are  driven 
two  clusters,  with  two  piles  in  each  cluster 
■^  (see  Fig.  19).  An  inclined  brace  connects  each 
cluster  to  the  pile  behind  it.  These  piles  are 
left  about  10  ft.  above  medium  low  water.  The 
FIG.  19.  braces  are  sawed  oflf  flush  with  the  outer  face  of 

the  twin  piling,  to  allow  for  mooring  barges. 

On  this  abutment,  when  the  mattress  barges  are  s'v\'ung  into  place, 
the  inside  edge  of  the  mooring  barges  rest,  and  are  held  out  to  the 
required  position.  Below  this  abutment,  on  the  zero  line,  single  piles 
are  driven  100  ft.  apart  for  the  full  length  of  the  required  mattress, 
the  top  of  these  piles  being  left,  as  in  the  case  of  the  abutment 
clusters,  about  10  ft.  above  the  medium  low  water.  By  means  of  this 
piling  the  mattress  is  kept  over  the  zero  line  during  a  limited  fluctua- 
tion of  the  water  surface,  while  being  constructed  and  sunk.  After 
the  mattress  is  on  the  bottom,  all  these  piles  are  cut  off  or  pulled  out, 
as  they  would  otherwise  form  obstructions  to  navigation. 

*  See  the  paper  by  Mr.  A.  O.  Nolty,  asBietant  engineer,  on  details  of  construction  of  bank 
protection  works,  as  practiced  at  Plum  Point  Reach  in  1890.  "  Report  of  the  Mississippi 
Biver  Commission,"  1891,  p.  3G06. 
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"While  the  abutment  is  being  constructed  two  mooring  barges 
lashed  end  to  end  are  placed  alongside  of  the  bank  above  the  abut- 
ment. Outside  of  these  barges,  parallel  with  them  and  with  the  ways 
touching  the  gunwale,  is  placed  the  mattress  or  weaving  barge." 
The  head  lines  connecting  the  mooring  barges  with  deadmen  or  trees 
on  the  bank  consist  of  six  wire  rope  cables,  the  up-stream  one  Ij  ins. 
in  diameter,  the  next  two  1^  ins.  in  diameter,  and  the  last  three  1  in.  in 
diameter,  as  shown  in  Fig.  20.  These  cables  have  an  eye  sijliced  in 
one  end,  which  is  used  for  fastening  them  to  the  cavel  of  the  mooring 
barge.  On  the  up-stream  edge  of  the  latter  the  timber  heads  have 
heavy  iron  bands  forming  eyes  through  which  the  eye  of  the  cable  is 
brought  and  fastened  by  a  l^-in.  iron  bolt. 

While  the  mooring  lines  are  being  run,  the  head  of  the  mattress  is 
under  construction. 

"  Hardwood  poles,  as  large  as  can  be  conveniently  handled  by  a 
gang  of  men  and  reasonably  straight,  are  laid  in  two  lines  on  the  ways 
over  and  parallel  to  the  inner  gunwale.  These  poles  lap  each  other  10 
to  15  ft. ,  the  two  lines  breaking  joints.  Where  they  lap  they  are  spiked 
together  with  8i-in.  spikes  every  2  ft.,  and  also  tied  together  with  No. 
12  galvanized  wire  at  intervals  of  10  ft.,  except  at  the  laps,  where  two 
ties  are  made.  This  line  of  poles  is  equal  in  length  to  the  width  of  the 
mattress. " 

Upon  these  poles,  at  intervals  of  about  7  J  ft.  and  at  right  angles  to 
them,  the  butt  ends  of  the  weaving  poles  are  securely  fastened  with  two 
8  X  i-in.  spikes  and  a  lashing  of  No.  12  wire.  Upon  these  latter  another 
set  of  poles  similar  and  parallel  to  the  first  are  placed,  spiked  and 
wired,  and  the  whole  head  thus  formed  securely  fastened  with  wire. 

"  The  weaving  poles  are  live  willow  or  cottonwood  brush  reason- 
ably straight,  and  4  to  6  ins.  in  diameter  at  the  butt,  and  from  25  to  30 
ft.  long. 

"  To  facilitate  weaving  all  knots  are  trimmed  off  and  the  top  and 
bottom  quickly  smoothed  with  a  draw  knife.  A  cable  made  of  eight 
strands  of  No.  12  wire  is  fastened  around  the  head  of  the  mat  at  every 
third  weaving  pole  and  run  up  alongside  of  it,  being  fastened  thereto 
by  two  staples.  These  cables  are  24  ft.  long,  with  an  eye  in  one  end, 
to  which,  after  each  shift  of  the  mat,  a  new  length  is  looped  in  weaving. 
Ten  continuous  cables  are  thus  formed  in  the  mat,  greatly  strengthen- 
ing it  longitudinally." 

While  the  head  is  being  formed  the  mattress  head  lines  are  being 
run  out,  and  when  it  is  finished  they  are  fastened  to  it.  These  lines 
are  five  in  number;  one  near  the  outer  edge  of  the  mattress,  1|  ins.  in 
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diameter;  then,  at  equal  intervals  to  the  inner  edge,  one,  1^  ins.;  two, 
1  in. ;  and  one  J  in.  They  lead  from  shore  fastenings,  as  in  the  case  of 
the  mooring  lines,  and  jiass  under  the  mooring  barges,  being  fastened 
to  the  mat-head  looj)  by  a  jiin  shackle.  The  mat-head  loop  is  made  of 
2-in.  manilla  rope  fastened  to  the  head  and  running  back  into  the  mat 
at  least  25  ft.* 

"  The  brush  used  for  weaving  is  live  straight  willow  of  any  length 
above  25  ft.,  and  from  2  to  4  ins.  at  butt. 

"  A  full  complement  of  men  for  a  200-ft.  wide  mat  is  54,  under  a 
foreman,  divided  into  three  equal  gangs,  each  under  a  master  laborer. 
Each  gang  consists  of  five  men  on  brush  barge  passing  brush  to  weav- 
ing party,  twelve  men  in  weaving  party,  and  one  man  on  mat  mauling 
brush  tightly  into  place  as  the  weavers  push  it  down.  Each  gang 
builds  one-third  the  width  of  the  mat. 

"  The  brush  barge  is  placed  outside  (below)  the  mattress  barge 
about  midway  between  the  two  ends,  and  a  barge  loaded  with  poles  is 
hung  to  each  of  said  ends. 

' '  A  coil  of  2-in.  rope  is  placed  on  each  end  of  the  mat  barge,  and 
the  free  end  fastened  to  a  timber  head  on  the  mooring  barge.  The 
skids  on  the  ways  are  well  slushed  with  axle  gi'ease  or  tallow,  to  reduce 
the  friction  in  weaving  and  launching.  In  a  200-ft.  wide  mat,  27  weav- 
ing poles  are  used.  In  weaving  they  are  close  to  the  skids  or  ways 
and  at  the  upper  end  rest  in  brackets,  bolted  to  the  upright  posts  on 
the  mattress  barge. 

"  The  brush  is  jiassed  from  the  brush  barges  to  the  weavers  who 
work  in  pairs,  and  is  woven  by  them  into  the  mattress.  The  butts  are 
placed  over  one  weaving  jjole  and  2  ft.  beyond,  being  woven  at  the  other 
end  over  the  next  i^ole,  under  the  third,  over  the  fourth,  and  so  on,  the 
light  ends  being  always  left  on  top." 

A  strip  5  ft.  in  width  is  woven  thus,  in  the  next  5  ft.  the  butt  is 
reversed,  and  so  on,  the  butts  changing  directions  every  5  ft.  When 
the  mattress  is  woven  to  within  2  ft.  of  the  end  of  the  poles,  giving 
about  22  ft.  length  of  mattress,  it  is  swung  in  position  With  the  accom- 
panying barges. 

The  entire  floating  plant  is  swung  on  two  lines,  a  2-in.  manilla  rope 
on  the  outside  and  a  li-in.  manilla  rope  on  the  inside  of  the  mooring 
barges,  having  one  end  fastened  to  the  shore  (see  Fig.  20).  The  head 
lines  on  the  barges  and  mattress  are  slackened  xintil  the  barges  take  a 
position  nearly  normal  to  the  shore,  with  their  inside  edge  resting  on 
the  pile  abutment. 

•  The  unmber  and  strength  of  lines  depend  on  the  velocity  of  current,  the  stage  of  water 
and  amount  of  drift  runuiog.  In  the  lower  districts  more  fastenings,  aa  a  rule,  are  used 
than  as  shown  above. 
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"  The  slack  in  the  mooring  barge  cables  is  now  taken  in  from  the 
bank  and  the  strain  equalized.  They  are  then  fastened  permanently 
■with  clamps  furnished  for  that  purjjose,  the  mattress  head  lines  being 
treated  in  the  same  mannei*. " 

To  prevent  the  mattress  sliding  too  far  when  launching  a  finished 
shift,  five  Ij-in.  manilla  lines  100  ft.  long  are  fastened  equidistant 
on  the  mat,  and  pass  underneath  it  to  cavels  on  the  ways.  They  are 
slackened  oflf  in  launching.  Their  fastenings  on  the  mattress  can  be 
shifted  to  economize  roj^e. 

"The  slip  lines  are  li-in.  manilla  rojje  about  125  ft.  long,  there 
being  18  to  a  200-ft.  mat.  Each  has  an  eye  large  enough  to  pass 
over  a  timber  head.  This  eye  is  placed  over  one  of  a  line  of  timber 
heads  on  down-stream  edge  of  mooring  barge,  the  free  end  being 
passed  under  the  head  of  the  mat  and  up  again  on  its  down- stream 
side,  and  then  hauled  taut  and  fastened  on  its  timber  head.  The  mat- 
tress head  is  thus  hung  in  18  slings.  When  these  slip  lines  are  all 
adjusted  the  mat  is  further  launched  until  the  down-stream  edge  is 
over  the  ui)-stream  gunwale  of  the  weaving  barge.  The  oflBee  of  these 
lines  is  two-fold;  they  hold  the  head  of  the  mat  up,  preventing  the 
current  and  drift  from  forcing  it  under,  and  they  are  used  to  lower  it 
to  the  required  depth  in  sinking. 

"When  one  entire  shift  (about  22  ft.)  is  launched,  a  new  set  of 
weaving  poles  is  spliced  to  the  jirojecting  ends  of  the  first  set,  the 
butts  of  this  set  being  spliced  to  the  tops  of  the  preceding  one,  after 
having  been  pushed  into  the  mat  about  3  ft.,  thus  making  a  lap  of  5  ft. 
Two  8xi-in.  spikes  and  two  wire  lashings  are  used  to  fasten  each 
splice.  This  is  continued  as  described  to  within  2  ft.  of  top  of  second 
set  of  poles,  when  another  launch  is  made,  and  so  on,  until  the  full 
length  of  the  mattress  is  obtained." 

The  mooring  barges  were  swung  to  a  position  not  quite  normal  to 
the  shore,  but  as  the  mattress  is  constructed,  the  greater  pull  on  the 
outside  lines  and  careful  adjustment  of  all  the  strains  brings  them  into 
the  2ieri)endiciilar. 

"  As  soon  as  three  shifts  of  mat  are  launched,  the  construction  of  a 
top  grillage  or  framework  is  begun,  consisting  of  a  line  of  poles  laid 
over  the  weaving  poles  and  parallel  thereto,  lai)i)iug  each  other,  butts 
to  tops,  from  6  to  8  ft.  and  wired  to  the  weaving  poles  every  4  ft.  by 
lashings  2  ft.  long,  made  of  two  strands  of  No.  10  wire;  transverse 
poles  8  ft.  apart  for  the  first  100  ft.,  and  thereafter  16  ft.  apart  are 
placed  in  similar  manner  and  fastened  to  the  longitudinal  ones  at  the 
intersections  by  2-ft.  lashings,  made  of  four  strands  of  No.  12  wire. 
This  gi-illage  is  for  the  purpose  of  forming  cribs,  to  retain  the  stone 
on  steep  slopes,  and  it  also  strengthens  the  mattress.     The  first  set  of 
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transverse  poles  along  the  inner  edge  are  hardwood,  are  only  8  ft. 
apart  throughout  the  length  of  the  mat,  and  are  used  to  connect  the 
shore  mat  to  the  river  mat. 

"The  construction  of  the  shore  mat,  which  is  expected  to  progi-ess 
with  the  river  mat,  is  carried  on  by  a  gang  of  from  30  to  40  men 
under  a  foreman  and  one  master  laborer.  The  space  to  be  spanned 
in  building  the  shore  mat  varies  with  the  stage  of  water  from  Oto  60ft. 
In  its  construction  a  small  flat  boat  is  generally  used  from  which  to 
work.  Hardwood  poles  of  the  size  of  the  weaving  jDoles  are  lashed  to 
the  river  mattress  with  three  Xo.  12  wire  lashings  2  ft.  long  and 
spiked  with  two  Sx^-in.  spikes.  Willow  or  Cottonwood  poles  are 
spliced  to  these  until  they  reach  up  the  slope  about  40  ft.  Alongside 
and  fastened  to  each  of  the  hardwood  poles  is  a  cable  made  of  eight 
strands  of  Xo.  10  wire,  one  end  of  which  is  fastened  to  two  of  the  ad- 
jacent weaving  poles,  and  the  other  to  the  willow  poles  extended  on  the 
slope.  Upon  the  transverse  poles  are  laid  longitudinally  willow  or 
Cottonwood  poles  8  ft.  apart,  beginning  with  the  flrst  set  about  4  ft. 
from  the  edge  of  the  mat.  The  latter  poles  are  wired  to  the  former  at 
their  intersections  with  lashings  of  No.  12  wire  2  ft.  long.  The  longi- 
tudinal poles  are  carried  on  lines  H  ft.  apart  up  to  the  top  of  the  slope, 
and  on  their  lower  side,  8  ft.  ajjart,  are  driven  stakes  2f  ft.  above  the 
ground,  to  the  top  of  which  is  fastened  loosely  a  lashing  of  No.  12  wire 
2  ft.  long,  whose  bight  has  been  first  passed  under  the  pole.  These 
stakes  are  used  down  to  the  pole  nearest  the  water  edge.  Upon  this 
framework  is  laid  willow  brush  diagonally  with  the  butts  toward  the 
top  of  the  slope  and  breaking  joints  throughout,  except  at  the  top  of 
the  slojje.  A  second  layer  of  brush  is  laid  uijon  the  first  in  the  opposite 
direction,  butts  jjointing  to  top  of  slope  and  breaking  joints,  the 
direction  of  each  layer  making  a  right  angle  with  the  other.  On  top 
of  these  layers  of  brush  a  second  pole  framework,  fastened  in  the  same 
manner  as  the  first,  is  placed  and  fastened  down  firmly  by  the  lash- 
ings tied  to  the  stakes.  As  fast  as  the  river  and  shore  work  is  finished 
transverse  cables  made  of  eight  strands  of  No.  10  wire  and  60  ft.  long, 
with  an  eye  in  each  end,  are  run  across  the  entire  width  of  the  mat 
every  16  ft.,  carried  to  the  toj)  of  the  bank,  hauled  taut  and  fastened 
to  trees,  stumps  or  deadmen.  They  are  also  fastened  to  the  mat  every 
16  ft.  with  wire  lashings." 

When  400  or  500  ft.  of  river  mattress  is  made,  longitudinal 
cables*  are  run  out  from  the  mooi-ing  barge,  one  s-iu.  cable  close  to 
the  outer  edge  of  the  mat,  another  aliout  30  ft.  inside  of  the  first,  the 
third  J  in.  in  diameter  and  37  ft.  from  the  second,  a  fourth  of  the  same 

♦  "These  cables,  which  are  a  coDtinuation  of  the  mattress  head  cables,  are  furnished 
ready  made,  of  the  following  diameters,  J,  J  and  I  in.,  each  1  200  ft.  long.  They  come  in 
coils,  and  before  using  are  mounted  ou  reels." 
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dimensions  38  ft.  inside  of  the  third,  and  the  fifth  and  last,  |  in.  in 
diameter  and  42  ft.  from  the  fourth,  or  45  ft.  from  the'.inner  edge  of  the 
mattress.  All  are  fastened  to  the  mattress  every  16  ft. ,  perfectly  taut 
throughout  the  mat  and  secured  to  its  head  and  foot  when  finished. 

The  cables  are  mounted  on  reels,  the  outside  or  f-in.  one  being 
placed  in  position  first. 

' '  The  whole  cable  is  reeled  off,  but  the  inner  end  kept  on  the  moor- 
ing barge  where  the  reel  is  set  up.  After  being  run  down  towards  and 
close  to  the  weaving  barge,  the  spare  cable  is  coiled  down  and  tied  for 
further  extension.  Just  above  the  coil  the  cable  is  fastened  to  the  mat 
with  a  wire  lashing  and  a  specially  designed  clamp.  A  tackle  is  then 
fastened  to  the  free  end  and  the  cable  hauled  taut  by  10  men  on  the 
mooring  barge.  It  is  then  fastened  to  the  mat  every  16  ft.  with  a 
clamp  and  lashing.  The  second  f-in.  cable  is  next  riin  out  and  fast- 
ened, where  the  second  head  cable  takes  hold,  then  follow  the  two 
i-in.  and  finally  thef-in.  cable.  As  weaving  progresses,  the  cables  are 
extended  until  the  mat  is  finished,  when  the  ends  are  securely  fastened 
around  the  foot  of  the  mat.  After  the  cables  are  run,  hauled  taut,  and 
fastened  to  head  of  the  mat,  all  additional  hauling  is  done  from  lower 
end  of  the  mat." 

If  the  mattress  is  to  be  continuous  and  very  long,  when  600  ft.  have 
been  woven  ballasting  can  begin;  but  when  made  in  lengths  of  from 
800  to  1  000  ft. ,  the  mat  is  generally  completed  before  being  loaded. 
The  ballasting  is  accomplished  by  placing  a  loaded  stone  barge  out- 
side of  the  mat,  hanging  it  to  the  mooring  barge  by  2- in.  manilla  rope 
and  holding  it  close  to  the  mattress  by  breast  lines. 

Cottonwood  planks  16  ins.  wide,  3  ins.  thick  and  24  ft.  long  are  laid 
from  the  barge  to  the  mat,  and  are  continued  across  the  mat  in  18-ft. 
lengths  10  X  2  ins.  in  section.  From  two  to  four  of  these  runs  are  used 
and  from  10  to  15  men  employed  on  each  run.  These  men  wheel  out 
the  stone  in  barrows  and  dump  it  along  the  transverse  poles,  loading 
the  entire  floating  mat  until  only  the  poles  are  above  water, 
being  careful  to  load  the  50  ft.  next  the  bank  heavier  than  the 
rest.  There  is  one  foreman  and  one  or  two  master  laborers  to  this 
gang.  The  men  on  each  run  go  out  and  return  together.  When 
the  length  of  the  barge  is  ballasted  across  the  mat,  the  barge  is 
dropi)ed  one  length  and  the  planks  changed  to  the  new  position.  The 
shore  work  is  not  ballasted  until  the  river  mat  is  sunk,  except  where 
stone  is  piled  on;  the  bank,  in  which  case  the  shore  work,  as  well  as 
part  of  the  river  mat,  can  be  ballasted  from  the  bank. 
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"As  soon  as  the  mattress  is  completed  and  ballasted,  a  loaded  stone 
barge  is  brought  up  to  the  mooring  barge ;  a  line  is  run  from  its  head 
to  the  shore  capstan  of  the  mooring  barge,  and  another  from  its  lower 
end  to  the  outer  capstan.  A  man  is  stationed  at  each  slip  line  who 
obeys  only  the  word  of  the  general  foreman.  Stone  is  thrown  on  the 
head  of  the  mattress,  and  as  soon  as  the  strain  on  the  slip  lines  is  con- 
siderable, they  are  carefully  slacked  for  a  short  distance.  The  men  at 
the  in-shore  capstan  begin  to  haul  the  head  of  the  stone  barge  gradu- 
ally over  the  submerged  mat.  The  lower  end  is  also  gi*adually  hauled 
up,  the  object  being  to  bring  the  stone  barge  squarely  across  the  mat, 
stone  being  continually  thrown  over  on  the  mat  and  the  barge  hauled 
over  until  this  is  accomplished.  The  line  from  the  down-stream  end 
of  the  barge  is  then  quickly  shifted  to  another  capstan  as  the  barge 
proceeds  in  shore." 

In  the  mean  time  another  stone  barge  is  brought  up  and  placed  end 
on  the  one  nearest  the  shore  and  securely  lashed  to  it,  thus  forming  a 
line  of  barges  just  below  the  mooring  barges,  parallel  to  them  and 
floating  over  the  head  of  the  mat  which  is  about  10  ft.  below  the  sur- 
face, but  kept  from  sinking  further  by  the  slip  lines. 

"In  the  mean  time  one  coil  of  2-in.  rope  has  been  placed  on  the 
inner  end  of  the  first  and  one  on  the  outer  end  of  the  second  barge,  and 
the  end  of  each  fastened  to  a  timber  head.  A  long  1-in.  line  also  runs 
from  the  inner  end  of  the  first  barge  ashore,  where  a  gang  of  men  will 
be  ready  to  haul  the  in-shore  end  of  the  barge  down  stream,  should  the 
water  near  the  shore  be  without  current.  A  steam  towboat  now  makes 
fast  with  one  line  to  the  outer  end  of  the  outside  barge.  A  man  is  at 
each  slip  line.  A  line  of  men  is  distributed  along  each  edge  of  the 
stone  barges.  The  men  on  shore  have  hold  of  the  1-in.  hauling  line, 
the  steamboat  hanging  from  and  close  to  the  outer  edge  of  the  stone 
barges,  and  lying  with  the  current.  The  general  foreman  is  on  the 
mooring  barges,  watching  the  slip-line  men,  and  everything  is  in  readi- 
ness for  the  final  operation. 

"  The  general  foreman  now  gives  the  word  to  throw  the  stone,  and  as 
soon  as  the  slip  lines  show  the  required  strain,  he  orders  the  linesmen 
on  the  stone  barges  to  slacken  away.  He  then  gives  the  word,  and  the 
slip  lines  are  let  go  simultaneously.  The  mat  settles  quickly  at  the 
head,  and  as  the  stone  barges  are  dropped  down  squarely  over  the  body 
of  the  mat,  the  stone  being  rapidly  thrown  on  to  it,  it  also  gradually 
settles  to  the  bottom.  When  the  required  amount  of  stone  is  unloaded 
on  the  mattress  and  it  is  securely  on  the  bottom,  the  mattress  head  lines 
are  taken  up  by  a  sailor  gang,  by  hauling  on  the  pin  lines  that  are 
loosely  fastened  on  the  mooring  barges.  These  lines  pull  the  pins  out 
of  the  shackles  and  set  the  cables  free  from  the  mat.  The  mooring 
barges  are  then  allowed  to  swing  to  the  bank,  and  all  cables  are  reeled 
up  on  their  drums,  being  first  washed  and  oiled." 
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In  the  case  of  a  bank  whicli  is  caving  so  rapidly  that  the  grading 
<cannot  be  accomplished  before  the  mattress  is  built,  a  foot  mattress  is 
constructed  joining  the  main  mattress  with  the  bank,  the  upper  bank 
work  being  deferred  until  the  main  mattress  is  sunk. 

"  The  abutment  and  main  mattress  are  constructed  as  described, 
except  that  the  hardwood  poles  along  the  inner  edge  are  omitted, 
and  onlv  the  regular  top  grillage  is  laid.  After  the  mattress  is  sunk, 
the  bank  is  graded  and  the  shore  work  laid  down  to  the  water  edge.  A 
connection  or  foot  mat  is  then  made,  to  connect  the  shore  work  with 
the  submerged  river  mattress,  as  follows  : 

"The  wea\dng  barge  is  brought  up  alongside  and  parallel  to  the 
bank,  with  its  up-stream  end  over  the  head  of  the  mat,  and  a  mattress 
built  like  the  river  mattress,  except  that  it  has  a  lighter  head  and  no 
mooring  barges  are  used.  Instead  of  the  heavy  wire  cable,  wire  strand 
is  run  from  the  head  up  to  the  top  of  the  bank  and  fastened  there. 
Five  |-inch  cables  are  used  for  every  200  ft.  of  mattress.  Two  or  three 
cables  are  also  run  from  the  iip-stream  edge  of  mat  to  shore,  to  pre- 
vent current  from  taking  it  down  stream.  The  head  of  the  mat  when 
launched  off  vriil  lap  4  or  5  ft.  over  the  shore  work.  To  launch  a  shift, 
the  barge  is  spaiTed  away  from  the  bank.  "SMien  completed  and  sunk, 
the  foot  mat  laps  over  the  river  mat,  also,  5  ft." 

Plate  m.  Fig.  2,  shows  the  woven  mattress  under  construction  on 
the  ways  before  the  top  grillage  or  frame  of  poles  is  added;  Plate  IT, 
Fig.  1,  shows  the  woven  mattresses  under  construction,  partly  poled 
on  top,  with  the  bottom  frame  of  the  upper-bank  revetment  in  the 
foreground,  and  Plate  TV,  Fig.  2,  shows  the  commencement  of  the 
operation  of  mattress  sinking. 

Work  During  1890-92.— A.t  Ashbrook  Neck,  during  the  season  of 
1890,  mattresses  were  made  300  ft.  wide.  The  bank  was  cleared  230  x 
6  000  ft.,  or  31.6  acres.  The  bank  was  sandy,  and  was  graded  by  a  hy- 
draulic grader,  and  dressed  with  shovels  to  a  slope  varying  from  3  to  1 
to  5  to  1,  and  a  height  of  about  the  two-third  stage.  From  the  shore 
mat  to  the  top  of  the  grade  was  paved  with  rock  to  a  depth  of  10  ins. 

The  distribution  of  material  was  as  follows  :  Brush,  0.708  cor4  per 
square  ;  poles,  0.136  cord  jier  square  ;  stone,  1.08  cu.  yds.  per  square. 

The  work  consisted  of  3  036  ILq.  ft.  of  main  mat,  equal  to  8  688 
squares  ;  980  lin.  ft.  of  shore  mat,  equal  to  619  squares  ;  and  2  820  x 
65.3  ft.  of  upper-bank  revetment,  equal  to  1  843  squares. 

The  cost  per  square  was  S7  69,  and  per  lineal  ft.,  §30  42.* 

*  This  may  indode  U>e  expense  of  a  Bmall  amount  of  abortive  dike  work,  undertaken  at 
the  beginning  of  the  aeaaon. 
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A  survey  in  this  year  of  New  Orleans  Harbor  proper  showed  but  a 
small  change  in  the  bank,  except  a  slight  moving  out  of  the  100-ft. 
contour.  There  had  been  no  fill  between  the  dikes,  but,  on  the  con- 
trary, a  noticeable  scour.  In  Carrollton  Bend  the  work  had  not 
checked  the  caving. 

The  field  cost  and  dimensions  of  the  dikes  this  year  were  as  fol- 
lows : 


Dimension  of  section. 

Greatest  height. 

Cost. 

415  X  140  ft. 
355  X  130  ft. 

400  X  120  ft. 

45  ft. 
50  ft. 
40  ft. 

$17  632  05 
13  008  69 
10  901  79 

The  foundation  mattress  for  these  dikes  was  dissimilar  to  those 
previously  described.  They  were  made  in  sections,  afterwards  joined 
by  wires,  and  not  of  the  woven  type.  They  were  framed  mats,  the 
bottom  layer  of  willows  being  securely  nailed  to  the  bottom  frame. 
Three  layers  of  willows  were  laid,  the  bottom  and  toji  parallel  to  each 
other.  The  mattress  was  built  in  four  sections — three,  100  x  130  ft. , 
and  one,  55  x  130  ft.  The  difi"erent  sections  were  placed  in  position 
alongside  of  a  lowering  barge  and  fastened  together  with  No.  10  gal- 
vanized wii-e,  making  a  mattress  355  x  130  ft. 

The  up-stream  frames  were  built  of  3  x  6-in.  lumber  and  strength- 
ened at  each  toggle  pin  by  three  lines  of  iron  rods,  one  running 
straight,  and  one  on  each  side  of  the  jjin  diagonally,  across  the  mat- 
tress, crossing  the  frames,  and  fastened  with  wire  to  each  frame.  The 
frames  were  placed  at  right  angles  to  the  bank,  and  top  poles  were 
placed  longitudinally  about  16  ft.  apart,  to  keep  ballast  from  sliding 
off  on  steep  slopes,  and  also  to  give  greater  strength. 

The  dimensions  of  one  of  the  mats  were  355  x  130  x  1.75  ft.,  or  461 
squares.  The  distribution  of  material  and  cost  was  as  shown  in  Apjjen- 
dix  A. 

There  was  but  little  change  in  crib  construction.  The  cribs  placed 
on  the  previously  mentioned  mat  were  in  number  and  in  dimensions  as 
follows:  Crib  No.  1,  120  x  56  x  6  ft. ;  No.  2,  152  x  48  x  6  ft. ;  No.  3,  170 
X  40  X  6  ft. ;  No.  4,  200  x  32  x  6  ft. ;  No.  5,  274  x  24  x  6  f t. ;  No.  6,  310 
X  16  X  6  ft. 

There  was  232  512  cu.  ft.  of  material  in  the  cribs,  the  cost  per  cubic 
foot  being   3.57   cents.     The   total   cost   of  the  dike  was  ^13  008  69. 
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Other  spurs  built  at  the  same  time  having  approximately  the  same 
distribution  of  material  cost  as  follows:  Mattress,  S9  95  and  S9  48  per 
square;  cribwork,  3.58  and  4.31  cents  per  cubic  foot.  The  average 
cost  of  cribwork  was  3.59  cents  per  cubic  foot,  and  of  mattress,  ^9.987 
per  square.  It  will  be  noticed  that  the  cost  of  mattress  per  square  far 
exceeds  that  of  the  woven  mattress  in  the  upper  districts,  and  is  much 
more  expensive  than  the  woven  mattress  made  in  New  Orleans  Harbor 
in  1890. 

During  the  high  water  of  1891  the  Memphis  dikes  settled  4  ft.  at 
outer  ends  on  an  average. 

At  Fletcher's  Bend  it  was  found  that  the  interru^jted  revetment, 
hei'etofore  referred  to,  was  not  a  success.  The  water  attacked  the 
bank  in  the  unjirotected  intervals,  causing  it  to  cave,  and  it  was  found 
necessary  to  revet  them,  thus  making  the  work  continuous  and  dem- 
onstrating the  non-feasibility  of  interrupted  revetment  in  that  portion 
of  the  river. 

In  Ashport  Bend  in  1891  piles  were  driven  50  ft.  apart  along  the 
zero  line.  Against  these  the  inner  edge  of  the  mattress  rested,  being 
fastened  to  them  by  yokes  made  of  f-in.  wire  strand  running  across 
the  mat  and  connected  ^^ith  it  every  16  ft.  After  sinking  the  mattress 
the  piles  were  cut  oflF  as  close  to  the  ground  as  jiossible. 

This  season,  in  Hopefield  Bend,  the  cost  of  hydraulic  grading,  in- 
cluding clearing  and  dressing  bank  was  6J  cents  per  cubic  yard.  The 
distribution  of  material  in  mattress  work  was :  Brush  and  poles,  per 
square,  0.77  cord;  stone,  jaer  square,  0.71  ton. 

For  the  connecting  mattress:  Brush  and  poles,  per  square,  1.40 
cords;  stone,  per  square,  1.27  tons. 

The  upper  bank  was  paved  at  a  cost  of  ^6  12  jDer  square.  The  ap- 
proximate cost  i^er  lineal  foot  of  comj^leted  revetment  200  ft.  wide  be- 
low zero  line,  with  bank  paved  to  the  tAvo-thirds  stage,  is  given  by  the 
engineer  in  charge  of  the  Hopefield  work  as  follows  :  Clearing  and 
grading,  $1  59;  subaqueous  mattress,  200  ft.  wide,  ^7  02;  connecting 
mattress,  60  ft.  wide,  §3  36;  j)aving,  S4  59;  other  expenses,  ji!3  01; 
total  cost,  $19  57. 

At  Ashbrook  Neck  in  1892  the  mattresses  were  made  from  250  to 
300  ft.  wide,  and  the  bank  was  graded  to  a  4  to  1  slope.  Brush  revet- 
ment was  carried  up  5  ft.  above  the  inside  edge  of  the  mattress,  and 
the  upi)er  bank  was  jjaved  with  10  ins.  of  riprap  to  the  two-thirds  stage, 
or  32.8  ft.  on  the  Arkansas  City  gauge. 
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The  cost  of  clearing  the  bank  was  S71  50  per  acre;  grading,  $1  21  per 
lineal  foot;  dressing  grade,  47  cents  per  lineal  foot.  The  total  cost  of 
grading  was  $1  68  per  lineal  foot.  The  cost  of  mattress  per  square 
was  $4  69,  and  the  cost  of  the  shore  mattress  was  $5  3.3.  The  bank 
revetted  was  4  460  lin.  ft.,  and  the  cost  $30  83  per  lineal  foot.  The 
average  width  of  the  work  from  top  of  slojae  leaving  to  outer  edge  of 
mattress  was  419  ft. 

The  upper-bank  work  took  2.89  cu.  yds.  of  stone  pev  square. 

The  cost  of  this  woi'k  and  distribution  of  materials  were  as  shown 
in  Appendix  A. 

At  Greenville  continuous  mattresses  were  sunk  300  ft.  wide,  and 
the  ui^per  bank  graded  and  paved  to  the  30-ft.  stage. 

Cross  cables  were  used  extending  from  the  outer  edge  of  the  mat 
some  distance  up  the  graded  bank,  and  woven  into  the  mattress; 
also  from  eleven  to  fourteen  longitudinal  cables,  each  formed  of  19 
strands  of  No.  12  wire,  in  a  mat  300  ft.  wide.  To  hold  the  mat  in  place 
diiring  construction  and  sinking,  ten  steel  1-in.  wire  cables  with  suit- 
able shackles  and  Ij-iu.  pins  were  used.  These  cables  were  in  400-ft. 
and  800-ft.  lengths,  with  shore  ends  securely  fastened.  The  mooring 
barges  were  held  in  place  by  four  or  six  2-in.  manilla  lines.  The  usual 
slip-lines  were  used,  and  at  one  or  two  localities  Chinese  anchors  were 
resorted  to. 

The  mattress  cost  $4  50  per  square,  and  the  material  used  was  : 
Brush,  0.70  cord  per  square;  poles,  0.13  cord;  stone,  0.64  cu.  yd. 

On  the  upper  bank  3.54  cu.  yds.  were  used  per  square.  The  cost 
of  this  work  and  distribution  of  materials  were  as  shown  in  Ap- 
pendix A. 

The  cost  of  this  entire  work  during  1892,  including  administration, 
plant  rei)airs,  etc.,  was  $29,517  per  lineal  foot. 

At  Louisiana  Bend  during  the  same  season  the  mattresses  were 
made  270  ft.  wide.  The  upi)er-bank  work  Avas  very  light  in  places. 
The  material  used  per  square  was  as  shown  in  Appendix  A. 

The  total  extent  and  cost  of  the  work  were : 

Squares.  Per  square. 

Channel  mattress 14  294  $5,045 

Pocket  mattress 3  722  6.239 

Upper  revetment  brush 2  547  7.059 

Paving 2  547  8.329 
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The  total  cost  of  work  here  during  the  season  was  §140  033  78;  the 
amount  accomplished,  23  110.5  squares,  at  §6  06  j^er  square.  The  cost 
per  lineal  foot  was  826  49. 

The  cost  of  mattress  and  cril>  work  in  New  Orleans  Harbor  in  the 
season  of  1891-1892,  the  work  being  similar  to  that  of  the  previous 
season  (frame  mattresses  in  100  x  120-ft.  sections  joined  together)  was: 
Mattress,  S9  28  per  square;  crib  work,  3.7  cents  per  cubic  foot. 

Liiter  Work  of  Commission. — Notwithstanding  the  fact  that  the 
protection  work  had  been  increased  in  strength  from  the  very  begin- 
ning, the  whole  history  of  the  work  being  one  of  continued  increase 
in  dimensions  and  strength,  it  was  still  found  unequal  to  the  strain 
put  ujion  it  at  certain  localities.  Surveys  and  subaqueous  measure- 
ments and  observations  made  in  1892  and  1893  showed  a  deepening 
and  deterioration  at  the  outer  edge  of  the  river  mats  at  nearly  all 
points.  In  the  rejiort  of  the  Commission  for  1893  there  is  the  fol- 
lowing statement: 

"  There  has  been  a  deepening  from  scour  along  the  outer  edge  of 
the  mats.  In  some  cases  the  mat  has  adjusted  itself  to  the  new  con- 
dition, as  was  intended,  while  in  others  the  test  of  its  flexibility  has 
been  too  great  and  faults  have  occurred.  In  some  places  also  there 
has  been  settlement  in  the  middle  of  the  mats  rather  than  along  their 
edges,  indicating  that  greater  thickness  or  density  is  required  in  very 
exposed  situations.  Defects  have  also  been  found  between  the  low- 
water  mats  and  those  built  on  the  graded  bank. 

"  The  mattresses  used  in  the  lower  Mississiijpi  for  five  years  past 
have  been  the  heaviest  and  widest  ever  made  for  like  i^urpose  in  the 
history  of  engineering.  To  build  and  sink  them  in  the  deepest  and 
swiftest  stream  upon  which  such  improvement  has  been  attemjited  is 
au  undertaking  of  extreme  difficulty.  It  could  not  have  been  done 
successfully  in  the  earlier  stages  of  the  improvement." 

In  view  of  these  facts  it  was  determined  to  further  strengthen  the 
mattress  and  to  make  50  ft.  of  the  outer  edge  more  flexible,  so  that  it 
would  conform  to  the  new  scoui*ed  slope  without  being  broken;  also 
to  give  greater  stability  to  the  junction  of  the  subaqiieoxis  work  and 
the  upper-bank  revetment.  It  was  claimed  that  the  protection  work 
up  to  that  time  had  accomplished  the  jjurpose  for  which  it  was  de- 
signed, and  as  it  liad  proved  to  be  the  correct  method  of  improvement 
the  necessity  for  making  it  permanent  arose. 

When  a  reach  or  bend  is  not  protected,  the  water  at  medium  high 
stages  and  on  a  rising  river  exhausts  much  of  its  force  in  cutting  down 
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the  bank  and  deepening  the  bed.  When  the  bank  is  protected,  the- 
currents  pass  over  the  protected  portion,  unable  to  expend  their  energy 
in  work  other  than  the  infinitesimally  small  abrasion  of  the  willows  and 
rock,  the  water  thus  gathering  increased  velocity  and  greater  scouring 
force.  At  the  outer  end  of  the  revetment,  where  the  current  generally 
attains  the  greatest  velocity,  this  force  finds  material  on  which  it  can 
act  with  greater  facility,  thus  deepening  the  bed  immediately  at  the 
outer  edge  of  the  mattress,  undermining  it  and  causing  it  either  to  sink 
and  adjust  itself  to  the  new  condition  or  break. 

It  is  probable  that  this  will  always  be  the  case  up  to  certain  limits  of 
depth  and  rate  of  flow  when,  if  the  mattress  work  is  sufficiently 
strong,  equilibrium  will  obtain  and  the  work  be  permanent  unless 
attacked  by  forces  within  the  bank  itself  and  not  produced  by  the 
action  of  the  river  water.  Increased  dejith  and  settling  at  the  end  of 
the  subaqueous  work  steeijens  the  slope  and  increases  the  tendency  of 
the  bank  to  slough  in  badly  tlrained  localities. 

The  foot  of  the  mattress  should  always  reach  beyond  the  greatest 
depth  of  the  inshore  thalweg,  if  possible  within  si^ecified  limits  of 
economical  practice. 

The  revetment  built  in  accordance  with  the  new  requirements  of 
flexibility  and  strength  cost  as  follows,  including  all  expenses  except 
office:  Ashport  Bend. — Kiver  mats,  per  square,  §4  27;  connecting  mats, 
38  17;  pocket  mats,  jier  square.  So  90;  pa-snng,  per  square,  810  11;  grad- 
ing, per  square,  3 J  cents.  Daniel's  Point. — Eiver  mattresses,  per 
square,  So  09;  connecting  mattresses,  per  square,  87  81;  paving,  per 
cubic  yard,  31  99;  grading,  per  cubic  yard,  6  cents. 

The  work  in  1892  in  New  Orleans  harbor  consisted  of  placing  mat- 
tresses in  the  spaces  between  the  dikes  where  caving  had  occurred  or 
was  threatened.  These  mattresses  were  practically  the  same  as  those 
constructed  and  placed  under  cribs  the  year  previous,  and  cost  S8  92 
per  square. 

First  Fascine  Mattress. — At  Daniel's  Point  in  this  year  a  new 
type  of  mattress  construction  was  attempted,  and  though  the  condi- 
tions were  unfavorable,  the  plant  inadequate,  and  the  labor  unaccus- 
tomed to  the  methods,  the  results  demonstrated  the  great  advantage 
to  be  attained  in  substituting  the  fascine  for  the  woven  mattress. 

"  This  new  form  of  mat  was  constructed  of  fascines  or  bundles  of 
brush  12  ins.  in  diameter  and  in  lengths  of  50 and  100  ft.,  tightly  torn- 
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pressed  and  bound  every  3  ft.  These  fascines  were  j^laced  at  right 
angles  to  the  bank  and  formed  the  woof  of  the  mattress,  longitudinal 
wire  strands  forming  the  warp.  The  top  and  bottom  cables  of  each 
pair  were  clamped  together  every  3  ft.  by  long  cable  clamps.  On 
top  of  the  mattress  a  grillage  of  jioles  was  placed  and  tied  down  to  the 
frames  by  galvanized  wire." 

No  further  attempt  was  made  in  the  way  of  fascine  mat  construc- 
tion until  1893,  and  no  estimate  is  given  of  the  cost  of  that  form  of 
work  until  that  year. 

In  1892  the  repairs  in  Hopefield  Bend  cost  as  follows:  River  mat- 
tress, per  square,  $3  65;  connecting  mattress,  ^5  89;  paving,  per  square, 
$1170;  reballasting,  per  square,  $5  50;  grading,  per  cubic  yard,  4^ 
cents. 

At  Ashport  Bend  a  mattress  was  made  in  the  same  year  in  which 
much  more  brush  was  used  and  the  longitudinal  cables  were  doubled, 
one  running  above  and  the  other  below,  reversing  every  25  ft.,  thus 
forming  loops  25  ft.  long. 

The  material  used  per  unit  on  the  Plum  Point  Reach  during  the 
season  1892  is  given  in  Appendix  A. 

The  cost  of  the  Third  District  work  per  lineal  foot  was  as  follows; 

Ashbrook  Neck $29  07  ] 

Greenville  Harbor . .  27  08   1-  woven  mattress  and  paved  bank. 
Louisiana  Bend ....  27  86  J 

This  averages  about  $28  per  lineal  foot.  Adding  $6  50  for  admin- 
istration, survey,  plant,  etc.,  the  total  cost  is  $34  50. 

Fascine  Mat  Gonslruction. — The  last  form  of  woven  mattress,  though 
possessing  adequate  strength,  was  not  sufficiently  thick  and  compact 
to  prevent  the  water  cutting  the  bank  through  the  interstices  or  open- 
ings between  the  brush.  It  also  proved  too  stiff  or  rigid  to  be  adjusted 
to  the  irregularities  of  the  bank,  breaking  when  undermined,  instead 
of  taking  the  new  slope,  no  matter  how  steep. 

The  fascine  mattress  it  was  expected  would  be  devoid  of  both  of 
these  defects,  and  though  it  was  feared  the  cost  of  construction  would 
far  exceed  that  of  the  woven  type,  it  was  found  that  after  the  em- 
ployees became. educated  to  the  new  method,  the  additional  expense 
was  slight. 

Two  forms  of  these  mattresses  were  constructed,  one  with  the 
fascines  placed  normal  to  the  bank,  and  the  other  with  the  fascines 
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parallel  to  it.  The  former  were  first  used,  hut  the  longitudinal  fascine 
mat  was  sujij^osed  to  be  more  flexible  in  a  transverse  direction,  taking 
more  readily  the  irregular  shape  of  the  subaqueous  slope. 

The  material  and  plant  used  in  the  construction  of  these  mattresses 
are  similar  to  those  adopted  for  the  woven  type,  with  slight  modifica- 
tions shown  in  Plate  V,  Fig  1.  The  following  description  and  drawings 
of  the  details  of  construction  of  this  new  form  of  mattress,  taken  from 
the  report  of  the  officer  in  charge  of  the  work  on  the  upper  river  in 
1894,  give  very  clearly  the  mode  of  procedure  at  that  time,  which  has 
varied  but  little  at  all  points  up  to  the  present  season.* 

"The  i^lant  required  consisted  of  one  set  of  mooring  barges,  one 
set  of  barges  with  inclined  ways,  and  one  set  of  fascine  barges. 

"The  barges  of  each  set  when  placed  end  to  end  had  a  length 
equal  to  or  greater  than  the  width  of  the  mattress  to  be  constructed. 
The  mooring  barges  were  of  the  same  construction  heretofore  used 
with  the  woven  type  of  mattress,  and  were  moored  across  the  current 
in  the  same  way.  The  mattress  barges  were  also  the  same  as  hereto- 
fore used,  with  the  following  additions  :  Underneath  the  platform 
•was  i^laced  a  number  of  cable  drums,  one  under  each  inclined  way  or 
skid,  on  which  was  wound  and  from  whith  was  played  out,  as  the 
construction  of  the  mattress  progressed,  the  steel  wire  strand  which, 
constituted  the  longitudinal  strength  of  the  mattress,  and  to  which 
the  fascines  were  attached  or  woven  by  the  method  to  be  hereafter 
described.  The  distance  between  the  di'ums  was  8  or  9  ft  according 
to  the  particular  barge  used.  At  the  highest  point  of  each  way  an 
iron  sheave  was  placed,  over  which  was  passed  the  strand  from  the 
corresijonding  drum.  The  drums  were  all  provided  with  friction 
brakes  by  which  a  uniform  tension  was  kept  on  the  strands  while  the 
mat  was  in  process  of  construction.  The  fascine  barges  were  ordinary 
square-end  decked  barges  on  which  were  erected  temporary  plat- 
forms the  same  level  as  the  i^latform  of  the  mattress  ways.  These 
barges  were  put  end  to  end  and  lashed  parallel  to  and  close  up  to  the 
down-stream  side  of  the  mat-ways.  On  the  side  of  the  platform 
nearest  the  mat-ways  were  erected  the  formers  in  which  the  brush 
was  laid,  compressed  and  bound  into  fascines. 

Construction  of  Mattresses. — "The  mooring  barges  lieing  properly 
moored  in  position  across  the  current,  the  mattress  ways,  to  which 
bad  been  lashed  the  fascine  barges,  were  brought  in  position  on 
the  down-stream  side  and  secured  to  the  mooring  barges  by  three 
lines,  one  at  the  center  and  one  at  each  end.  The  first  step  was  to 
construct  the  mat  head.     This  consists  of  a  bundle  of  poles,  2i  to 

•  Report  of  Captain  S.W.Boessler,  oflScer  in  charge  of  first  aDd  second  districts,  Missisfippi 
Elver  Improvement,  Rpport  of  Chief  of  Engineers,  1894,  p.  2859. 
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3  ft.  in  diameter,  well  bound  together  by  wire  strand,  so  as  to  form 
a  beam  of  great  strength,  of  some  rigidity,  but  having  also  con- 
siderable flexibility.  The  poles  were  of  hardwood,  5  to  8  ins.  in 
diameter  at  the  butt,  and  laid  so  as  to  break  joints  with  each  other. 
The  beam  is  as  long  as  the  mat  is  wide,  and  forms  the  connecting 
link  between  the  mooring  cables  and  the  mattress.  It  was  moored 
to  the  bank  by  steel  wire  cables,  independent  of  the  moorings  of 
the  mooring  barges.  The  number  of  cables  used  depended  on  the 
width  of  the  mat  and  strength  of  the  current.  Eight  cables  have 
been  used  for  a  mat  300  ft.  wide.  They  are  spaced  at  equal  intervals, 
being  closest  together  near  the  out-stream  end,  where  the  current  i& 
strongest,  and  farthest  apart  towards  the  shore,  where  the  current  is 
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Fig.  21, 

more  moderate.  At  each  point  where  a  cable  is  to  be  attached,  a  heavy 
manilla  rope,  doubled,  is  wound  around  the  mat  head,  as  indicated  in 
Fig.  21. 

"Its  free  ends  are  passed  over  the  mat  and  attached  to  a  second  and 
smaller  mat  head  constructed  in  the  mattress  10  ft.  from  the  head  of  the 
mattress.  The  other  end  of  the  rope  is  connected  by  an  ordinary  shackle 
to  one  end  of  its  mooring  cable,  the  other  end  of  the  cable  being  then 
passed  underneath  the  mooring  barges  to  its  anchorage  on  the  bank. 
The  Avire  strands  from  the  drums  on  the  mattress  ways  are  passed  over 
their  iiroper  sheaves  aad  wound  around  and  secured  to  the  mat  head. 
The  weaving  strands,  which  are  J-in.  steel  strand  and  for  convenience  cut 
into  lengths  of  about  50  ft. ,  are  also  attached  to  the  mat  head,  one  for 
each  of  the  longitudinal  strands  upon  which  the  fascines  are  woven. 
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"  For  the  constraction  of  the  fascines  and  the  mattress  the  labor  is 
divided  into  three  gangs,  one  to  hand  the  brush  down  from  the  barges, 
the  second  to  carry  the  brush  to  the  formers  and  to  construct  the  fas- 
cines, the  third  to  weave  the  fascines  into  the  mat. 

"  The  second  party  receiving  the  brush  from  the  first  party  carries 
it  to  and  distributes  it  in  the  formers.  The  brush  is  put  in  two  layers, 
one  with  the  tops  in  one  direction  and  the  other  with  the  tops  in  the 
opposite  direction,  care  being  taken  to  break  joints  as  far  as  possible, 
and  especially  to  prevent  two  butts  from  overlapping.  Enough  brush 
is  put  in  to  make  a  fascine  10  to  12  ins.  in  diameter.  It  is  then  choked 
every  8  ft. ,  and  bound  into  a  fascine  by  No.  12  steel  wire.  The  chokers 
consist  of  iron  chains  of  suitable  length  and  strength,  having  one  end 
secured  to  one  side  of  the  former.  Each  chain  is  brought  over  the 
brush  and  a  lever  inserted  through  a  ring  in  the  free  end  and  borne 
down  upon  by  the  weight  of  one  or  two  men,  compressing  the  fascine 
while  it  is  being  bound  with  wire.  The  third  party,  assisted  by  the 
second  party,  raise  the  fascine  out  of  the  formers,  slide  it  along  the 
skids  which  connect  the  former  with  the  top  of  the  mattress  ways, 
and  down  the  latter  to  its  position  in  the  mattress  next  to  the  mat 
head.  The  weaving  strand  is  then  passed  over  the  fascine,  down 
underneath  it  and  up  between  the  fascine  and  mat  head,  crossing  at 
the  same  time  the  bottom  longitudinal  strand.  It  is  then  put  into  a 
'  Haven  clamp '  and  drawn  as  taut  as  four  to  six  men  can  do  it  with 
double  block  and  tackle.  The  strand  is  temporarily  stapled  to  a  pole  of 
the  mat  head.  The  second  fascine  being  in  place,  the  weaving  strand 
is  passed  over  the  first  and  second  fascine,  down  underneath  the 
second,  and  up  between  the  first  and  second,  at  the  same  time  crossing 
the  bottom  longitudinal  strand  as  before.  It  is  again  attached  to  the 
clamp  and  drawn  taut  as  before  by  block  and  tackle,  and  temporarily 
stapled  to  a  piece  of  brush  in  the  first  fascine.  When  the  strain  is  first 
put  on  the  strand,  a  tap  on  the  pole  of  the  mat  head  to  which  it  has 
been  temporarily  stapled  is  sufficient  to  dislodge  the  staple  and  allow 
the  strand  to  completely  encircle  the  first  fascine.  Details  of  the 
method  of  weaving  are  shown  in  Fig.  21.  When  the  ways  have  been 
filled  the  mattress  is  launched  in  the  usual  way  and  the  construc- 
tion continued.  The  tenth  fascine  is  made  of  hardwood  brush  or 
poles,  and  to  it  are  attached  the  free  ends  of  the  large  manilla  ropes, 
which  are  wound  around  the  mat  head.  The  weaving  and  bottom 
strands  are  clamped  together  by  a  cable  clamp  every  10  ft. ,  and  at  points 
intermediate  between  the  clamps  both  strands  are  stapled  to  the  brush, 
to  prevent  the  fascines  from  separating  in  the  process  of  weaving.  On 
top  of  the  mattress  thus  constructed  are  placed  rows  of  poles  16  ft. 
apart,  extending  up  and  down  stream.  They  are  lashed  to  the  fascines 
by  No.  7  silicon  bronze  wire  every  5  ft.,  and  at  intermediate  points  by 
strong  steel  wire  lashings.     The  object  of  the  rows  of  poles  is  two-fold; 
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first,  they  prevent  the  stoue  from  slipping  off  the  mat  when  it  is  sunk 
on  a  steep  slope;  and  second,  by  being  lashed  to  the  body  of  the  mat- 
tress by  non-corrosive  wire,  they  jjreveut  the  displacement  of  the  brush 
after  the  steel  wire,  weaving  strand  and  other  corrosive  connections 
shall  have  rusted  away. 

"At  the  outstream  edge  of  the  mat  the  poles  are  cribbed  up  two 
deep,  to  better  insure  against  the  tipping  of  the  stone  when  the  mat  is 
sunk  or  when  it  is  subsequently  undermined  by  scour  at  its  edge. 

"With  a  mattress  of  this  type  300  ft.  wide,  the  maximum  amount 
built  in  a  day  was  160  ft.  with  246|  days'  labor.  The  ballasting  and 
sinking  of  these  mats  is  performed  in  a  similar  manner  to  that  employed 
in  the  woven  type.  In  ballasting  it  is  necessary  to  do  the  work  rapidly 
and  sink  the  mattress  immediately  afterward.  This  i3recaution  is 
made  necessary  by  the  great  compactness  of  the  brush  fascines  and 
the  rapidity  with  which  they  accumulate  sediment  after  they  have 
been  pressed  under  water  by  the  ballast.  So  rapidly  do  they  accumu- 
late sediment  that  if  there  is  any  considerable  delay  in  ballasting,  por- 
tions of  the  mattress  on  which  the  ballast  may  be  a  little  excessive  may 
be  carried  below  the  surface  of  the  water  by  the  weight  of  the  accumu- 
lated deposit  before  it  is  ready  for  sinking. 

"  Brush  not  exceeding  3  ins.  in  diameter  at  the  butt  makes  a  fascine 
of  uniform  strength,  thickness  and  compactness. 

"  One-half  andi^-in.  strands  are  used  for  the  bottom  longitudinal 
strands,  the  ^-in.  size  being  used  at  the  channel  edge  of  the  mat, 
where  the  current  is  greatest,  and  the  -j%-in.  near  the  shore. 

' '  Smaller  strands  than  these  were  used  in  a  few  of  the  mats  when 
the  supply  of  the  larger  strands  fell  short,  but  in  such  cases  additional 
longitudinal  strands  were  stretched  over  the  top  of  the  mat  after  it 
was  completed  and  clamped  at  intervals  of  10  ft.  to  the  weaving  strand 
in  the  same  manner  as  the  latter  was  clamped  to  the  bottom  longitudi- 
nal cable.  The  ^-in.  strand  is  used  exclusively  for  weaving.  Two 
forms  of  clamps  have  been  lased,  the  '  Crosby'  and  a  home-made  clamp. 
Various  forms  of  stajjles  have  been  used.  A  staple  of  the  fence-wire 
type,  Ij  X  A- in.,  made  of  No.  9  Avire,  is  a  good,  cheap  and  suitable 
form. 

"The  oblique  position  of  the  mattress  head  cables  to  the  head 
of  the  mattress  in  the  form  of  construction  just  described  exerts  a 
strong  shore  thi'ust  on  the  mat  head  in  the  process  of  sinking.  This 
thrust  is  taken  up  by  the  strong  mat  head  and  the  mat  itself,  which 
together  have  the  requisite  rigidity  to  withstand  the  thrust  without 
danger  of  doubling  up. 

Fascine  Mattresses  loilh  Fascines  Placed  Parallel  to  the  Bank. — "  Owing 
to  the  very  much  greater  lateral  flexibility  of  the  mattress  in  which 
the  fascines  are  parallel  to  the  bank,  it  was  not  deemed  safe  to  have 
any  shore  thrusts  at  all,  and  the  mooring  arrangements  were  accord- 
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ingly  modified.  A  set  of  mooring  barges  was  anchored  at  tlie  head  of 
the  mat  in  the  usual  way  by  mooring  cables  passing  obliquely  up- 
stream to  dead  men  on  the  shore.  A  second  set  of  mooring  barges 
was  moored  in  the  same  way  800  ft.  above  the  lower  set.  On  the  deck 
of  the  upper  barges  was  placed  a  continuous  line  of  log  deadmen 
chained  to  the  timber  heads,  held  by  the  shore  cables.  These  dead- 
men  w^ere  to  hold  the  cables  mooring  the  mattress  and  mattress  plant. 
As  the  mattress  was  constructed  its  mooring  cables  were  attached  to 
it  in  the  manner  to  be  hereafter  described,  passed  underneath  the 
lower  mooring  barges,  carried  up  stream  parallel  with  the  bank  and 
secured  to  the  line  of  deadmen  on  the  upper  barges,  thus  avoiding  any 
shore  thrust  upon  the  mat  head.  The  mattress  plant  consisted  of 
four  mattress  ways  and  their  corresponding  fascine  barges  lashed  end 
to  end,  giving  a  combined  length  of  588  ft.  The  barges  were  moored 
parallel  to  the  bank  with  the  ways  inclined  towards  the  shore.  The 
fascines  were  made  588  ft.  long,  the  full  length  of  the  mattress.  The 
mattress  was  constructed  by  beginning  at  the  water  line  and  extend- 
ing out  stream  until  the  full  width  of  250  ft.  was  made.  The  details 
of  construction  were  the  same  as  those  heretofore  described  for  the 
mat  in  which  the  fascines  are  normal  to  the  current.  To  give  the 
mattress  more  longitudinal  strength  than  the  fascines  themselves 
possessed,  twelve  i-in.  and  two  f-in.  strands,  extending  the  whole 
length  of  the  mat  were  built  into  it  in  the  following  manner:  When 
the  construction  reached  the  desired  point  the  longitudinal  strand  was 
stretched  across  the  bottom  strands  of  the  mattress  and  clamped  to 
them  at  the  points  of  intersection  by  common  clamps.  The  up-stream 
end  of  the  strand  was  given  two  turns  around  the  mattress  head  and 
carried  back  and  clamped  to  itself  at  130  ft.  For  additional  security 
the  longitudinal  strands  were  connected  together  by  a  diagonal  system 
of  backing-up  straps  100  ft.  below  the  head  of  the  mattress.  The 
mattress  head  of  this  mat  differed  from  previous  construction,  in  that 
it  was  a  kind  of  jointed  spar,  designed  to  adjust  to  the  bed  of  the 
river  when  sunk.  The  spar  was  made  of  14  cypress  logs  about 
12  ins.  in  diameter  and  varying  in  length  from  28  ft.  next  to  the  shore 
to  14  ft.  on  the  out-stream  end,  all  put  in  place  before  launching  from 
mattress  boats.  The  logs  were  placed  on  top  of  the  mattress  and 
about  3  ft.  from  the  head  of  the  mattress  with  laps  of  2  ft. 

"  A  i-in.  drift  bolt  2  ft.  long  Avas  driven  horizontally  through  both 
logs  at  each  lap,  and  in  addition  the  logs  were  bound  together  by 
several  turns  of  wire  strand  at  the  jun  jioints.  The  logs  were  secured 
to  the  fascines  by  two  wrappings  of  i-in.  strand,  and  to  every  alternate 
log  two  of  the  longitudinal  wire  strands  were  made  fast. 

"  Spanning  these  alternate  logs  2-in.  mauilla  ropes  were  made  fast 
at  the  same  points  receiving  the  longitudinal  strands.  Each  of  these 
rope  loops  formed  an  equilateral  triangle,  with  its  log  for  base  and  with 
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the  shackles  of  its  mattress  mooring  cables  at  the  vertex.  Parallel 
lines  of  poles  16  ft.  apart  were  wired  to  the  mattress  normal  to  the  cur- 
rent and  bank  bv  lashings  5  ft.  apart,  each  alternate  lashing  being 
silicon  bronze  wire.  The  object  of  these  poles  was  two-fold;  first  to 
give  the  mattress  some  stiffness,  as  without  them  it  was  feared  the  mat 
would  be  so  flexible  as  to  fold  up  in  sinking;  and  second,  to  give  to  the 
mattress  an  element  of  permanence  by  its  non-corrosive  wire  lashings. 
Parallel  rows  of  poles  were  also  jjlaced  longitudinally  to  keep  the  rock 
from  rolling  off." 

During  the  season  of  1893  at  New  Madrid  the  first  large  fascine  mat- 
tress was  made.  The  work  consisted  of  a  continuous  mattress  250  ft. 
wide  by  900  ft.  long,  an  auxiliary  connecting  mattress,  and  a  shore 
paving  of  4  ins.  of  spalls,  and  6  ins.  of  stone  extending  up  the  graded 
bank  to  the  27-ft.  stage.  The  cost  of  this  work  per  lineal  foot  was  as 
follows:  River  mat  fascine,  $15  62;  connecting  mattress  fascine,  $2  32; 
paving  fascine,  ^7  58;  superintendence  and  care  of  plant,  $2  26;  total, 
$27  78. 

Plate  V,  Fig.  2,  shows  a  fascine  mattress  completed.  Six  mattresses 
of  the  fascine  type  were  built  and  sunk,  658,  825,  913,  1  095,  1  119  and 
1  125  ft.  long,  each  being  300  ft.  wide.  Their  cost  was  $6,282  per 
square,  or  $18,846  per  lineal  foot.  Connecting  fascine  mats  were  used, 
costing  $11  85  per  square.  The  bank  was  graded  to  a  3  to  1  slope 
after  the  mattresses  were  built  and  sunk,  at  a  cost  of  3.8  cents  per 
cubic  yard.  The  shore  paving  was  carried  up  the  bank  from  the  15-ft. 
to  the  20-ft.  stage.  In  paving,  first  a  layer  of  spalls  4  ins.  thick  was 
laid,  and  on  this  rock,  8  ins.  at  the  water  edge  diminishing  to  4  ins.  at 
top.     The  cost  was  $10  11  per  square,  or  $5  59  jjer  lineal  foot. 

The  average  lineal  feet  per  day's  labor  in  building  fascine  mats  at 
this  jjoint  was  from  0.386  to  0.495. 

Recent  Wo7-k.—At  Hopefield  Bend  the  repairs  made  in  1890, 1891, 1892 
and  1893,  constituted  practically  a  renewal  of  all  the  original  revetment, 
except  two  reaches,  one  2  000  ft. ,  the  other  500  ft.  long.  These  two  blocks 
being  destroyed  in  the  flood  of  1893,  they  were  renewed  by  four  fascine 
mattresses  310  ft.  wide  and  650,  700,  800  and  916  ft.  long,  costing 
$6  034  per  square,  or  $18  10  per  lineal  foot.  Connecting  mats  cost 
$6,987  i^er  square.  The  grading  cost  5.4  cents  per  cubic  yard.  The 
leaving  reached  from  the  edge  of  the  connecting  mat  to  26  to  30  ft.  above 
low  water,  being  carried  to  this  height  in  ortler  to  reach  above  a  sand 
stratum.     The  lower  3^  ins.  were  composed  of  crushed  rock,  overlaid 
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by  6j  ins.  of  ordinary  riprap.  The  cost  was  89  20  per  square.  The 
total  cost  per  lineal  foot  of  bank  protected  was  $31  52.  For  distribu- 
tion of  material  see  Api^endix  A. 

In  building  the  four  mattresses  the  following  averages  were  made 
in  a  day  of  eight  hours. 


Mattress. 

Length. 

Maximum  feet 
made  in  one  day. 

Average  feet  made 
in   one  day. 

Average  number 

men  worked 

per  day. 

No.  1 

650 
800 
700 
916 

140 
135 
175 
173 

93 

127 
140 
153 

220 

Ko.  2 

280 

No.  3 

300 

No.  i 

320 

At  Bolivar  Front  the  upper-bank  brush  revetment,  having  rotted  in 
many  places,  was  renewed  by  a  paving  of  stone  10  ins.  thick. 

Soundings  along  this  revetted  reach  showed  that  the  inner  portion 
of  the  old  mattresses  had  silted  ui^,  but  at  their  outer  edge  they  had 
settled  down  from  5  to  15  ft.  At  the  lower  end  of  the  reach  during  the 
season  woven  mattresses  300  ft.  wide  were  constructed  and  sunk. 
They  were  nearly  2  ft.  thick  at  the  inner  edge,  being  reduced  to  1  ft. 
in  thickness  at  outer  edge.  A  much  greater  amount  of  brush  was  used 
in  their  construction  than  had  before  been  used.  For  the  distribution 
of  material  in  them  see  Api^endix  A. 

The  cost  was  $25  08  per  lineal  foot,  and  $8  36  per  square.  Similar 
work  at  Delta  Point  cost  $26,321  jjer  lineal  foot. 

In  New  Orleans  Harbor  up  to  1894  the  following  work  had  been 
done : 

A  continuous  mat  400  ft.  long  placed  in  Carrollton  Bend  ;  five 
spur  dikes,  with  intermediate  revetment  covering  three  upper  intervals 
and  about  one-third  the  lower  interval  in  Carrollton  Bend ;  two 
spur  dikes  in  Greenville  Bend  ;  six  spur  dikes  in  Gouldsboro  Bend; 
eight  spur  dikes  in  Third  District  Eeach. 

In  the  Third  District  and  Carrollton  Bends  caving  took  i^lace  in 
the  intervals  between  the  dikes.     The  officer  in  charge  states  : 

"Spur  dikes  without  intermediate  revetment  have  been  successful 
in  some  straight  reaches,  and  on  concave  banks  of  large  radii,  but  in 
the  abrupt  bends  the  dikes  alone  are  only  locally  efl'ective." 

In  the  season  1893-94,  woven  mattresses  were  still  being  constructed 
and  sunk  in  the  Third  District,  at  Ashbrook  Neck,  Greenville  Harbor 
and  Lake  Providence.     At  the  latter  locality  fascine  work  was  also 
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undertaken  and  very  satisfactory  results  obtained.  The  mattresses  at 
tlie  other  three  points  speciiied  were  reinforced  by  an  extra  amount  of 
brush,  at  Ashbrook  Xeck  the  inner  100  ft.  only  having  an  additional 
layer  of  brush  added,  -nhile  at  Greenville  Harbor  and  Lake  Providence 
Reach  the  extra  layer  was  added  all  over  the  mat.  The  engineer  in 
charge  justly  condemned  the  practice  of  obtaining  additional  thick- 
ness in  woven  mattresses  by  the  extra  layer  of  brush,  on  account  of 
the  increased  stiffness  attained.  This  was  the  general  verdict  at  all 
other  points,  and  the  necessity  for  a  remedy  for  this  fault  produced 
the  fascine  type.  The  fascine  mats  used  at  Lake  Providence  during 
this  season  were  similar  to  those  of  the  uj^per  districts,  being  sunk 
with  fascines  normal  to  the  bank. 

At  Lake  Providence  the  stone  on  the  subaqueous  work  was  in- 
creased to  li  cu.  yds.  per  square,  enough  to  cover  the  mattress  4  ins. 
deep,  and  the  same  amount  deducted  from  the  upper-bank  paving,  it 
being  deemed  better  practice  than  the  old  method  of  10  ins.  of  paving 
and  a  light  mat  covering.  The  engineer  recommended  spalls  on  the 
upper  bank  in  preference  to  larger  rij^rap,  as  it  packs  closer,  leaving 
fewer  spaces  for  the  water  to  penetrate. 

The  following  is  a  statement  giving  the  cost  per  unit  of  labor  and 
comparative  average  cost  i^er  lineal  foot  of  revetment  work  at  Ash- 
brook Neck,  Greenville  Harbor  and  Lake  Providence  during  the  season 

1994-95. 

Cost  pek  Unit  of  Labor. 


Kind  of  work. 

Ashbrook  Neck. 

QreenTille. 

Lake 

Providence. 

Mat  work,  woven,  per  square 

$1,249 
'  V.736 
'  1.682 

$1,290 

"  2.308 
3.921 
1.102 

$1,824 
2  171 

Mat  work,  fascine,  per  square 

Grading,  hydraulic,  per  100  lin.  ft 

Grading,  hand,  per  100  lin.  ft 

1.228 
0.629 

Paving  slope,  per  square 

0.863 

For  the  distribution  of  material  on  these  works  see  Appendix  A. 

COMPABATIVE   CoST   AND   PERCENTAGE   OF   LaBOR   AND   MaTEBIAIj. 


Items. 

Ashbrook  Neck. 
Per  cent. 

Greenville. 
Per  cent. 

Lake 

Providence. 

Per  cent. 

Labor 

45.3 
64.7 

36.3 
63.7 

46  6 

MaterlaL 

63  4 

Cost  per  lineal  foot 

$30  26 

$28  22 

$30  41 
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The  average  cost  of  all  this  work  during  the  season  was  829  33, 
that  diiring  the  season  of  1892-93  being  828,  an  increase  of  81  33  in 
1894.  About  50%"  more  brush  and  15%  more  stone  were  used,  which 
would  more  than  account  for  the  increased  price. 

Conclusion. — Since  the  season  of  1894  there  has  been  little  change  in 
the  general  form  of  bank  revetment. 

The  vertical  space  is  left  at  the  top  of  the  bank.  The  rest  of 
the  upper  slope  is  paved,  and  the  subaqueous  work  is  of  the  fascine 
type,  both  continuous  and  auxiliary.  The  cost  of  ^jrotectiou  per  lineal 
foot  has  been  approximately  830  at  most  troublesome  localities. 

Imi^rovements,  both  of  a  mechanical  and  economical  nature,  have 
been  attained.  The  fascine  formers  have  been  placed  on  the  mattress 
barge,  thus  dispensing  with  intermediate  barges,  and  mechanical  de- 
vices have  been  designed  to  save  labor  and  perform  the  work  with 
greater  facility  and  better  results. 

It  will  be  noticed  that  in  the  transverse  fascine  mat,  by  dispensing 
with  the  ties  which  form  the  fascines,  that  is,  by  placing  the  willows 
in  the  fascine  mattress,  when  made  of  the  strongest  form,  with  toi)  as 
well  as  bottom  continuous  longitudinal  cables,  there  will  result  a  mat- 
tress somewhat  similar  to  the  old  type  of  wire  net  construction  used  in 
1880,  but  of  much  greater  dimensions  and  infinitely  stronger. 

The  later  mattresses  used  in  New  Orleans  resemble  very  much  the 
old  wooden  i^in  form  used  at  Delta  Point  and  Memphis  jirior  to  1880, 
though  they  are  also  much  stronger. 

The  early  tyj^es  were  more  compact  than  the  woven  mattress  which 
was  adojited  in  1882  and  used  wp  to  1895,  and  though  the  latter  was 
increased  in  size  and  given  a  strength  adequate  to  resist  all  strains,  it 
was  impossible  to  weave  it  sufficiently  close  and  compact  to  prevent  the 
erosive  action  of  the  water  on  the  bank  through  the  openings  between 
the  willows. 

All  the  recent  surveys  of  the  revetted  reaches  tend  to  prove  that 
where  the  bank  is  protected,  no  matter  how  strong  the  revetment,  the 
channel  is  deepened  just  outside  of  the  subaqueous  work,  and  under  its 
outside  edge,  causing  it  to  take  a  steep  grade.  If  the  mattress  is  built 
with  sufficient  flexi})ility,  strength  and  compactness,  the  ultimate  result 
will  be  the  steepening  of  the  subaqueous  slope  without  destroying  the 
efficiency  of  the  work. 

"When  submerged  spur  dikes  are  placed  in  the  caving  bends,  their 
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efficiency  is  dependent,  to  a  great  extent,  on  the  radius  of  the  bend, 
the  distance  between  them,  and  the  material  of  which  the  bank  is  com- 
posed. 

Where  the  bend  is  very  abrupt  and  the  bank  sandy,  dikes  are  of 
little  value.  Where  the  bend  is  abrupt  and  the  material  clay  and 
buckshot,  they  should  be  placed  not  farther  apart  than  500  ft. ,  and 
even  then  it  may  be  necessary  to  protect  the  intervals  between  them. 

A  thorough  knowledge  of  the  river  in  the  vicinity  of  a  reach  to  be 
protected  is  of  great  imijortance.  Much  money  can  be  wasted  by  not 
studying  the  movement  of  its  currents  and  bars  in  the  locality,  in 
order  to  select  the  best  point  for  beginning  the  work.  If  placed  too 
high  under  the  bar,  dead  water  may  soon  prove  it  a  waste  of  material 
and  an  unnecessary  expense,  while  at  localities  where  the  bar  is  reced- 
ing the  failure  to  jilace  the  upper  end  of  the  work  at  the  correct  place 
may  prove  disastrous.  A  careful  survey  of  the  river  in  the  vicinity  is 
very  essential. 

In  the  hydraulic  grading  and  in  paving  the  upper  bank,  the  greatest 
trouble  lies  in  the  difficulty  vnth  which  uniform  slopes  are  obtained 
in  certain  materials  and  with  strata  in  certain  relative  positions.  It 
is  often  necessary  to  do  considerable  dressing  and  regrading  with  sluice 
boxes,  shovels  or  teams,  where  the  sand  strata  become  washed  in 
pockets  some  distance  below  the  required  grade. 

Appendix  B  gives  the  distribution  of  material  in  the  work,  and  the 
cost  from  1878  to  1891. 

The  conditions  under  which  the  revetment  was  constructed,  the 
variation  in  price  of  material  and  labor,  the  difference  in  form  of  con- 
struction and  the  irregular  manner  in  which  the  records  have  been  kept 
make  any  comparison  of  the  different  forms  of  doubtful  value. 

As  the  education  of  the  labor  to  the  methods  has  become  more 
nearly  perfect,  the  cost  of  the  labor  item  per  unit  of  i^roduct  has 
decreased;  but  the  great  increase  in  strength,  extra  use  of  iron,  etc., 
has  partly  compensated  for  that  decrease.  Since  1878  the  cost  of  rock, 
brush  and  poles  has  decreased,  also  that  of  other  articles  used.  The 
rate  of  laborer's  pay  i)er  hour  has  remained  i)ractically  the  same  from 
1882  to  the  present  time.  The  cost  of  subsistence  has  not  varied  to  a 
great  extent,  notwithstanding  the  difference  in  cost  of  food  supplies  at 
xliflferent  times. 

The  bank  revetment  work  which  the  author  has  endeavored  to  de- 
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scribe  is  probably  more  extensive  than  any  like  engineering  construction 
in  the  world,  A  mattress  300  ft.  wide  by  1  200  ft.  long  represents  a 
superficial  area  of  about  8  acres,  and  when  one  realizes  that  this  vast 
willow  carpet,  over  a  foot  thick,  is  placed  on  the  bottom  of  the  river 
in  depths  of  from  40  to  100  ft.,  and  against  currents  of  from  5  to  8  ft. 
per  second,  the  difficulty  of  the  enterprise  will  be  appreciated. 

Though  much  of  the  revetment  from  Cairo  to  New  Orleans  has 
needed  repairs  from  year  to  year,  and  in  some  reaches  has  required 
renewal  as  a  whole,  it  may  be  said  to  have  been  eminently  successful 
in  the  protection  of  harbor  fronts  and  the  prevention  of  cut-offs  and 
outlets,  and  fairly  so  in  the  control  of  bank  caving,  and  the  resulting 
change  in  i:)Osition  and  flow  of  the  river. 

At  some  points,  where  the  material  of  the  bank  was  friable  and  the 
currents  very  strong,  the  earlier  forms  of  revetment  proved  too  light 
and  were  entirely  swept  away,  the  shore  line  continuing  to  move  back. 
Also  considerable  reaches  of  protection  work  needing  repairs  and  re- 
inforcement at  the  ends  have  been  destroyed  because  of  the  lack  of 
funds,  due  to  the  failure  of  appropriations,  etc.  In  the  later  work  the 
results  have  been  beneficial  and  satisfactory,  and  the  loss  but  slight. 
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The  following  tables  give  the  distribution  of  material  used  and  the  cost  of 
revetment  per  unit,  from  1878  to  1894.  A  square  is  equal  to  lUOsq.  ft.  Except 
where  hardwood  is  designated,  willow  was  used  for  brush,  and  willow  or 
Cottonwood  for  poles.  Except  where  spalls  are  specified,  the  rock  was  in 
pieces  varying  from  10  to  100  lbs.  in  weight. 

Memphis  Harbob,   1878   to   1880,  Mats  and   Kevetmest  ;   2  385   Squaees  oe 

1  300  Lix.  Ft. 
Materials.  Total  amount.      Per  square.       Per  liueal  foot. 

Willow  brush,  cords 2  760  1.16  2.12 

■Cottonwood  poles,  number 7  520  3.15  5.80 

White  oak  pins,  4  ft.  x  1  in. 800  .33  .62 

12x3  ins 6  300  2.64  4.85 

No,  12  wire,  pounds 1950  .82  1.50 

Stone,  cubic  yards  1  154  .48  .88 

Sandbags,  number 1500  .63  1.15 

Cypress  piles,  40  It.  x  Ih  ins 50    one  every  26  ft. 

Memphis,  1881. 
This  work  embraced  900  squares  of  mattress  and  131  squares  of  upper  bank 
revetment.  The  distribution  of  materials  was  as  follows:  Willow  brush,  1546 
cords,  1.5  cords  per  square;  cottonwood  poles,  10  cords,  0.01  cord  per  square; 
wire,  2  430  lbs.,  2.3  lbs.  per  square;  gravel,  570  cu.  yds.,  0.55  cu.  yd.  per 
square;  stone,  187  cu.  yds.,  0.18  cu.  yd.  per  square;  sacks,  1750,  1.7  per 
square. 

Woven  Mattress  Woek,  Delta  Point,  1882  and  1883. 

, Amount. .       . Cost. , 

Per  Per  Per  Per 

Items.  square.  lineal  foot.  square.  lineal  foot. 

Brush,  cords 41  .6  $103  $152 

Poles,  number   1.2  1.66  38  53 

No.  12  wire,  pounds 1.2  1.70  06  08 

Spikes,  6  in.,  pounds 34                  .5  02  03 

Nails,  pounds 21                  .3  Ul  01 

Rock,  cubic  yards 42  .6  80  114 

Labor ....  60  86 

One  man  built  28  squares,  or  2  lin.  ft.  per  day.  The  cost  of  the  mattress 
was  $2  90  per  square,  or  $4  17  per  lineal  foot. 

Uppeb-Bank  Revetment  Work,  Delta  Point,  1881  to  1883. 

, Amount. ,      . CobT. . 

Per  Per  Per  Per 

Items.  square.  liueal  foot.         square.  liaeal  foot. 

Brush,  cords 4  .3  $101  $0  76 

Poles,  number 2.0  15  64  48 

No.  12  wire,  pounds 5.0  3.75  25  19 

Spikes,  6-in.,  pounds 8  .6  04  03 

Rock,  cubic  yards 2.0  1.5  3  80  2  85 

Labor ...  1  15  86 

One  man  built  U  squares  or  2  lin.  ft.  per  day.  The  cost  per  square  was 
$6  89,  and  the  cost  per  lineal  foot  was  $5  17.  The  mat  and  upper-bank  revet- 
ment cost  about  $4  05  per  square  or  $9  34  per  lineal  foot. 
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Mats  and  Kevetment,  Memphis,  1882  and  1883 ;  2  005  Squabes. 

Materials  per  square:  Willow  brush,  1.4  cords;  cottonwood  poles,  2.5 
cords;  oak  pins,  4  ft.  by  1  in.,  0.35;  oak  pins,  1  ft.  by  f  in.,  1;  wire,  1.4  lbs.; 
stone,  0.54  cu.  yds.;  sand,  0.1  bag. 

HoPEFiEiiD  Bend,  1882  and  1883. 

The  following  statement  gives  the  distribution  of  material  in  1  127  lin. 
ft.  of  mattress  140  ft.  wide,  194  x  25  ft.  of  foot  mat,  and  194  x  16  ft.  of  upper- 
bank  revetment;  1  657  squares  in  all.  Willow  brush,  840  cords,  0.5  cord  per 
square;  poles,  105  cords,  0.1  cord  per  square;  wire,  2  534  lbs.,  1.5  lbs.  per 
square;  rope,  80  lbs.,  0.05  lbs.  per  square;  spikes,  wrought,  1  950  lbs.,  1.2  lbs. 
per  square;  nails,  200  lb.,  0.12  lb.  per  square;  stone,  585  cu.  yds.,  0.35  cu.  yd. 
per  square;  gunny  bags,  each  containing  120  lbs.  of  clay,  4  .300,  2.6  per  square. 

Lake  Pbovidence,  1882  and  1883;  Mats  and  Brush  Revetment,  250  Squabes 

OB  100  Lin.  Ft. 


-  Amount. - 


Per 
Items.  square. 

Brush,  cords.   61 

Stone,  cubic  yards 41 

Poles,  cords 05 

Spikes,  pounds 51 

Wire,  pounds 89 

Iron  rods,  pounds 4.00 

Towing     

Labor 


Per 

lineal  foot. 

1.54 
1.02 
.12 
1.27 
2.23 
10.00 


-COST.- 


Per 
lineal  foot. 

$2  69 
2  04 

25 

06 

16 

50 

83 
4  67 


Total  cost S4  47  $1120 

The  mats  were  250  ft.  wide;  the  foot  mats,  40  ft.;  the  revetment,  60  ft. 


Plum  Point  Keach,  1884. 

Mat,  175  X  2  010  ft. ;  3  517  squares. 

Materials.  Total  amount.         Per  square.  Per  lineal  foot. 

Brush,  cords 1741.41  0.49  0.86 

Poles,  cords 198.70  0.05  0.09 

Wire,  pounds 9 175  2.61  4.56 

Mat,  175  X  1  750  ft. ;  3  062  squares. 

Mftterlals.  Total  amount.        Per  square.  Per  lineal  foot. 

Brush,  cords 1417.75  0.46  0.81 

Poles,  cords 149.5  0.05  0.08 

Wire,  pounds 8  650.0  2.82  4.94 

Stone,  cubic  yards 1757.5  0.57  1.00 

Mat,  175  X  1  713  ft.;  2  998  squares. 

Materials.  Total  amount.        Per  square.  Per  lineal  foot. 

Brush,  cords 1982  0.66  1.15 

Poles,  cords 210  0.07  0.12 

Wire,  pounds 11100  3.70  6.48 

Stone,  cubic  yards 1696  0.57  0.99 
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Memphis  Habbor,  1884  and  1885. 

The  following  amounts  are  for  upper-bank  and  subaqueous  work  combined, 
a  total  of  12  937  squares.  The  mats  were  150  to  250  ft.  wide  and  1  500  ft.  long. 
Brush,  11  978  cords,  0.93  cord  per  square;  poles,  440  cords,  0.03  cord  per 
square;  stone,  13  654  cu.  yds.,  1.06  cu.  yds.  per  square;  wire,  95  142  lbs.,  7.36 
lbs.  per  square;  wire  rope,  14  733  lbs.,  1.14  lbs.  per  square;  iron  rods,  85  867 
lbs.,  6.64  lbs.  per  square;  s^jikes,  22  500  lbs.,  1.74  lbs.  per  square. 

HoPBFiELD  Bend,  1884  and  1885. 

The  following  materials  were  used  in  constructing  11 003  squares  of  upper- 
bank  and  subaqueous  work  combined,  the  mattresses  being  150  ft.  wide  and 
2  978  ft.  lon^  :  Brush,  14  674  cords,  1.33  cords  per  square  ;  poles,  282  cords, 
0.02  cord  per  square  ;  stone,  6  487  cu.  yds.,  0.59  cu.  yd.  per  square  ;  wire, 
98  090  lbs.,  8.91  lbs.  per  square;  spikes,  17  800  lbs.,  1.62  lbs.  per  square  ; 
gravel,  3  135  cu.  yds.,  0.29  cu.  yd.  per  square. 

HopEFiELD  Bend,  1885  and  1886  ;  2  813  Squares,  Continoous  and  Connecting 

Mattress. 

Items.  Amount. 

Pay-roll 

Subsistence 

Brush,  cords 1  818 

Poles,  cords 17U 

Stone,  cubic  yards 1  620 

Iron,  pounds 8  640 

Wire,  pounds 24  310 

Wire  rope,  feet 4  825 

Spikes  and  nails,  pounds.      5  150 
Tug  hire 

$9  379  85  $3  33 

The  woven  mats  were  150  ft.  wide.  The  cost  of  bank  covering  was  $3  85 
per  square. 

HoPEFiELD  Bend,  1885  and  1886  ;   800  Squares  Upper-Bank  Revetment  and 

Grading. 

Material  Cost 

Items.  Amount.  Cost.  per  square,       per  square. 

Pay-roll SI  994  28  ....  $2  49 

Subsistence 639  00             80 

Brush,  cords 1114  137155  1.39  171 

Poles,  cords 80  135  83  .10  17 

Stone,  cubic  vards 882  882  00  1.10  1  10 

Iron,  pounds .' 1  822  57  43  2.28  07 

Wire,  pounds 11260  435  42  14.07  55 

Spikes  and  nails,  pounds...      2  350  64  80  2.94  08 

Coal,  bushels 892J  89  25  1.11  00 

Miscellaneous 1  75  ....  11 

$5  67131  $7  08 

This  does  not  include  the  cost  of  general  repairs,  administration,  etc.  The 
area  was  1  140  ft.  long  and  70  ft.  wide. 


Material 

Cost 

Cost. 

per  square. 

per  square. 

$2  539  92 

$0  90 

949  28 

34 

2  255  95 

.64 

8U 

291  17 

.06 

10 

1  620  00 

.58 

57 

393  76 

3.07 

14 

924  51 

8.64 

33 

205  06 

1.72 

08 

165  20 

1.83 

06 

35  00 

01 
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Memphis  Dike  Coxsteuctiox,  1886  and  1887. 


Subaqueous  or  Foundation  Mattress,  3  524  squares. 


Items.  Amount. 

Labor 

Subsistence 

Brush,  cords 2  208.6 

Poles,  cords 465.5 

Stone,  cubic  yards 1  997,7 

Spikes,  pounds 4  000 

Iron,  pounds 1  035 

Lumber,  feet 6  884 

Manilla  rope,  pounds. .      4  154 

Miscellaneous 

Wire,  pounds 18  500 

Wire  cable,  pounds 10  500 


Amount 

Cost. 

Cost. 

per  square. 

per  square. 

$4 196  27 

$1  19 

2   164  43 

".63 

"62 

632  17 

.13 

18 

2  188  44 

.57 

62 

104  00 

1.13 

03 

18  98 

.30 

01 

94  28 

1.95 

02 

465  32 

1.18 

13 

110  78 

03 

740  00 

5.22 

21 

459  37 

2.98 

13 

$11  174  04 

$3  17 

Memphis  Dike  Consteuction,  1886  and  1887. 

1  112  Squares  of  Upper  Bank  Revetment. 

Amount  Cost 

Items.                                Amount.                   Cost.                  per  square,  per  square. 

Labor  $2  239  58                 ....  $2  02 

S  absistence ....                     .... 

Brush,  cords 1-550                1  667  68                1.39  50 

Poles,  cords 145                   189  70                  .13  17 

Stone,  cubic  yards  ....     1  190                1  304  76                1.07  1  16 

Spikes,  pounds 2  700                     8100                2.43  07 

Wire,  pounds 6  704                   268  16                6.03  25 

$5  750  88  $5  17 
These  amounts  do  not  include  grading  for  the  shore  cribs. 


Memphis  Dike  Constboction,  1886  and  1887. 


1  003  898  Cu.  Ft.  of  Cribwork. 


Items.  Amount. 

Labor  

Brush,  cords 4  003 

Poles,  cords 987 

Stone,  cubic  yards 4  494 

Spikes,  pounds 13  553 

Miscellaneous 

Wire,  pounds 42  824 

Wire  cable,  pounds 25  675 

Iron,  pounds 7  260 


Amount 

Cost 

Cost. 

per  cubic  foot. 

per  cubic  foot. 

$10  159  56 

.... 

$0.01 

3  933  20 

0.004 

.004 

1  292  11 

.0009 

.001 

4  929  54 

.005 

.005 

383  89 

.01 

.0004 

155  74 

.0002 

1  712  96 

,04 

.002 

1  123  28 

.02 

.001 

153  11 

.007 

.0001 

$23  843  39 

$0,024 
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Memphis,   1886    and    1887,    Subaqueous  Matteess;   7  856  Squabes  oe  2  950 

Lin.  Ft. 

Amount  Cost 

Items.                                Amount.                   Cost.                per  square.  per  square. 

Labor $8  358  03                 ....  $106 

Subsistence 400  33                 ....  05 

Brush,  cords 5  054                5  620  04                0.64  72 

Poles,  cords 765                1  107  50                   .09  15 

Stone,  cubic  yards 4195               7  073  61                  .53  90 

Wire,  pounds 38  498                1  539  92                4.90  20 

Wire  cable,  pounds....   15  693                   697  98                2.00  08 

Spikes  and  nails, pounds     7  700                   207  45                   .98  03 

Iron,  pounds 5  477                   148  01                   .70  02 

Lumber,  feet 9  044                   150  78                 1.15  02 

Manilla  rope,  pounds. . .     2  360                   264  50                  .30  03 

Coal,  boxes 200                     75  00                   .02  01 

Miscellaneous 113  60                02 

$25  846  75  S3  29 

The  cost  per  lineal  foot  of  this  continuous  mattress  was  $8  76.  Including 
repairs  to  plant,  all  office  and  administration  expenses,  etc.,  it  was  $4  52  per 
square  and  811  97  per  lineal  foot. 

HoPEFiELD  Bend,  1887  and  1888,  Subaqueous  Matteess  ;  7  546  Squabes. 

Amount  Cost 

Items.                                  Amount.                   Cost.                per  square.  per  square. 

Labor $5  491  95              ....  $0  73 

Subsistence 2  241  80               ....  30 

Brush,    cords 3  752                4  314  80              0.50  57 

Poles,  cords 833                1457  75                 .11  19 

Stone,  cubic  yards 3  821                5  784  96                 .50  76 

Wire,  pounds 39  708                1588  32               5.25  21 

Wire  strand,  pounds....   11  530                   547  67                 .153  07 

Spikes  and  nails,  pounds     0  900                   205  45                 .91  03 

Lumber,  feet 3  100                     62  00                 .41  01 

Iron,  pounds 1  130                     29  75                 .15  003 

Manilla  rope,  pounds. ...     1  200                   135  00                 .16  01 

Miscellaneous 24  28               ....  003 

$21  883  73  $2  89 

Hopefield  Bend,  1887  and  1888,  Upper-Bank  Re^'etment,  Including  Grading; 

6  182  Squares. 

Amount  per  Cost 

Items.                              .\mount.                    Cost.                   square.  per  square. 

Labor $8  092  72               ....  $131 

Subsistence 2  907  74               47 

Bruhh,  cords 5  470                 6  52194                 .88  105 

Poles,  cords 603                 1  031  65                 .10  17 

Stone,  cubic  yards 4  032                 6  103  42                 .65  99 

Wire,  pounds 34  678                 1387  12               5.61  22 

Wire  strand,  pounds....    1450                       68  88                 .24  01 

Spikes  and  nails,  pounds   2  400                      73  20                 .39  01 

Coal,  boxes 2  103                     787  20                 .34  13 

Iron,  pounds  915                      22  77                 .15  003 

Miscelhineous 125  79               02 

$27  122  43  $4  38 
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HoPEFiELD  Bend,  1888  and  1889,  Subaqueous  Mattbess,  196  Ft.  Wide;  9  394- 

Squares. 

Amount  per  Cost 

Items.                             Amount.                   Cost.                   square.  per  square. 

Labor S8  191  35              ....  $0  87 

Subsistence 2  958  86              ....  32 

Brnsb,  cords 4  977                 6  125  60               0.53  65 

Poles,  cords 678                 1  185  50                .07  13 

Stone,  tons 4  442                 6  973  94                .47  74 

Wire,  pounds 48  814                 1  911  83              5.20  20 

Wire  strand,  pounds  ....  12  620                    534  98               1.34  06 

Spikes,  pounds 3  300                      90  81                 .35  01 

Lumber,  feet 6  325                    104  61                 .67  01 

Iron,  pounds 1623                      40  57                .17  004 

Manilla  rope,  pounds   ...    1  650                    184  80                 .18  02 

Miscellaneous 43  22              005 

$28  346  07  $3  02 

HoPBFiELD   Bend,   1888   and   1889,  Upper-Bank   Revetment,    about  142   Ft, 
Wide;  6  635  Squares  Covered. 

Amount  per  Cost 

Items.                           Amount.                   Cost.                     square.  per  square. 

Labor $8  572  37               ....  SI  30 

Subsistence 3  095  92               ....  47 

Brush,  cords 6  233                 7  885  20               0.94  119 

Poles,  cords 621                 1  131  75                 .09  17 

Stone,  tons 5  089                 7  989  73                 .77  1  20 

Wire,  pounds 53  095                 1  821  38              8.00  27 

Wire  strand,  pounds....       336                      13  43                 .05  002 

Spikes,  pounds 2  000                      58  04                 .30  01 

Manilla  rope,  pounds....       400                      44  80                .06  007 

Miscellananeous 21  34               003 

S30  633  96  $4  62 
The  above  does  not  include  grading. 

Bolivar,   1888  and  1889. 

This  work  comprised  10  300  squares  of  mattress,  180  to  250  ft.  wide,  and 
2  842  squares  of  upper-bank  revetment.  The  amount  of  materials  was  as  fol- 
lows: Brush,  9  639  cords,  0.73  cord  per  square;  poles,  1  659  cords,  0.12  cord 

per  square;  stone,  10  154  cu.  yds.,  0.77  cu.  yd.  per  square;  wire,  129  310  lbs., 
984  lbs.  per  square;  wire  cable,  25  025  lbs.,  1.9  lbs.  per  square;  spikes,  33  100 
lbs.,  2.52  lbs.  per  square;  iron  rods,  51  924  lbs.,  3.95  Ib.s.  per  square;  clevises, 
lap  rings,  8  500  lbs.,  0.65  lb.  per  square;  lumber,  7  081  ft.,  0.54  ft.  per  square; 
staples,  1  858  lbs.,  0.01  lb.  per  square. 

Hickman  Harbor,  1889  and  1890,   2  736  Squares  of   Subaqueous   Mattress, 

300  Ft.  Wide. 

Amount  Cost 

Items.                                Amount.                Cost.                per  square.  per  square. 

Labor S3  637  99                    . .  $1  33 

Subsistence 104  78                 ....  04 

Brush,  cords 1  S12             190260                  .66  70 

Poles,  cords 250                312  50                   .09  12 

Stone,  cubic  yards 1717             2  508  14                   .62  91 

Wire,  pounds 22  560                62 1  83                8.22  22 

Wire  Btrand,  pounds 4  061               145  79                 1.48  05 

Spikes  and  nails,  pounds      1  000                  27  50                  .36  01 

Lumber,  feet 6  985                  75  10                2.56  03 

Iron,  pounds 1480                  20  60                  .54  01 

Manilla  rope,  pounds 700                  72  55                   .25  02 

Piling,  feet 455                  36  40                  .17  02_ 

$9  465  78  $3  46 
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Hickman  Hakbok,   1889  axd  1890,  1  378  Squabes  of  Uppeb-Bank  Revetment 
143  Ft.  "Wide,  Grading  Included. 


Items.  Amount. 

Labor 

Subsistence 

Brush,  cords 1  317 

Poles,  cords 131 

Stone,  cubic  yards 1  508 

"Wire,  pounds 5  524 

Spikes  and  nails,  pounds  . .         300 

Lumber,  feet 1  000 

Coal,  bushels 2  292 

Oil,  etc 


The  total  revetment  on  this  work,  above  and  below  water  cost,  including 
charges  on  plant,  etc.,  $6  00  per  square  and  S24  77  per  lineal  foot. 


Louisiana  Bend,  1889. 

This  work  comprised  21  695  squares  of  subaqueous  mattress  and  5  672 
squares  of  paving,  10  ins.  thick.  The  materials  used  were  as  follows:  Stone, 
48  161  cu.  yds.,  1.76  cu.  yds.  per  square;  brush,  18  813  cords,  0.68  cord  per 
square;  poles,  3  362  cords,  0.12  cord  per  square;  wire,  167  440  Iba.,  6.16  lbs. 
per  square;  wire  cable,  329  560  lbs.,  12.02  lbs.  per  square;  spikes,  36  961  lbs., 
1.35  lbs.  per  square. 


Amount 

Cost 

Cost. 

per  square. 

per  square. 

S4  571  41 

$3  31 

305  00 

22 

1  382  85 

0.95 

100 

163  50 

.09 

1185 

2  202  90 

1.095 

160 

155  10 

4.01 

1135 

8  25 

.22 

006 

15  00 

.725 

Oil 

229  20 

1.662 

166 

76  58 

.... 

055 

$9  109  79 

S6.000 

Greenville,   1889;  Dike  No.  2. 
Foundation  Mattress,  290  x  290  Ft.  or  841  Squares. 


Materials.  Amount. 

Brush,  cords 553 

Poles,  cords 141 

Stone,  tons  767 

"Wire,  coils  34 

Cable,  coils 6 

Spikes,  6-in.,  kegs 4 

Spikes,  9-in.,  kegs. ...  5J 

Staples,  kegs 1\ 

Total  materials . . . 

Labor,  hours,  includ- 
ing subsistence 5  630 

Sailor  work,  hours,  in- 
cluding subsistence.  737 

Total  labor 

Grand  total 


Cost  per 

Cost, 

Amount  per 

Cost  per 

unit. 

total. 

square. 

square. 

SI  27i 

$705  07 

0.657 

$0  84 

1  47^ 

207  97 

.168 

25 

195 

1  496  65 

.912 

178 

3  37 

114  58 

.040 

14 

42  27 

253  62 

.007 

30 

3  25 

13  00 

3  12J 

15  63 

.011 

03 

5  00 

6  25 

.001 
6.69 

01 

$2  811  77 

$3  35 

16 

$900  80 

$1  07 

16 

117  92 

?1  OIH  72 

0.88 

14 

$121 

$3  830  49 

$4  56 
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Crib  No.  1,  212  32  x  8  Ft;  54  272  Cu.  Ft. 


-2 

21 


Materials.  Amount. 

BruBh,  cords 228 

Pole?,  cords 100 

Stone,  tons  324 

Wire,  coils 32 

Cable,  coils 

Spikes,  6-in.,  kegs... 
Spikes,  9-in.,  kegs  .. 

Total  material  cost. 

Labor,  hours,  includ- 
ing siabsistence 2  686 

Sailor  work,  hours,  in- 
cluding subsistence.     610 

Total 


Cost  per 
unit. 

SI  21h 
1  48" 
1  50 
3  37 

42  27 
3  25 
3  12i 


16 
16 


Cost, 

total. 

S290  70 

148  00 

486  00 

107  84 

105  67 

8  94 

24  22 

SI  171  37 


8429  76 

97  60 

S527  36 


Amount  per  100   Cost  per  100 
cubic  feet.  cubic  feet. 


0.420 
.184 
.597 
.059 
.005 

'.6i3 


4.95 
1.12 


Grand  total 

Crib  No.  2, 

Brush,  cords 95 

Poles,  cords 52 

Stone,  tons 119 


Wire,  coils. 

Cable,  coils 

Spikes,  6-in.,  kegs. . 
Spikes,  9-in.,  kegs. . 
Spikes,  9-in.,  kegs. 

Total 


27 

If 
U 


170  X  16  X 
SI  27i 
1  48" 
1  95 
3  37 
42  27 
3  25 
3  12i 
5  70" 


SI  698  73 

Ft.:  21  760  Cu. 

S121  12 

76  96 

232  05 

90  99 

63  40 

5  69 

7  03 


Ft. 
437 
239 
547 
124 
007 


002 


Labor,  including  sub- 
sistence, hours .  .    . .  1  351 

Sailor  work,  including 
subsistence,  hours . .     310 


Total 


Grand  total. 


Materials.  Amount. 

Brush,  cords 325 

Poles,  cords 45 

Stone,  tons 649 

Wire,  coils 22 

Spikes,  6-in.,  kegs \ 

Spikes,  9-in.,  kegs. ...  3' 

Spikes,  9-in.,  kegs ^ 

Total  material .... 

Grading,  labor  and 
subsistence,  hours. .  5  000 

Construction,  labor 
and  subsistence, 
hours 3  584 


16  S800  00  21.74 

16  593  44        15.58 


Total 

Grand  total. 


$1  393  44 
$3  167  82 


SO  54 
27 
90 
20 
20 

05 

S2  16 


$0  79 

18 

$0  97 

83  13 

SO  55 

35 

108 

42 

29 

09 


S605  79 

6.21 

S2  78 

16 

$216  16 

SO  99 

16 

49  60 

1.42 

23 

1265  76 

$122 

S871  55 

$4  00 

ment,  230 

Squares. 

Cost  per 

Total 

Amount  per 

Cost  per 

unit. 

cost. 

square. 

square. 

SI  09 

S354  25 

1.413 

SI  54 

148 

66  60 

.196 

29 

1  95 

1  265  55 

2.822 

5  50 

3  37 

74  14 

.096 

32 

3  25 

1  62 

3  12i 

9  37 

5  70 

2  85 

.017 

06 

$1  774  38 

S7  71 

$3  48 

2  58 

$6  08 

$13  77 
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Land  Crib,  3  000  cu.  ft. 


Amonut. 

Brush,  cords    7 

Poles,  cords 10 

Stone,  cords 16 

Wire,  coils  2 

Total  materials. . 
Labor,  including  sub- 
sistence, hours 

Grand  total 


Cost  per 

Total 

Amount  per 

Cost  per 

unit. 

cnst. 

100  cubic  feet. 

100  cubic  feet. 

SI  09 

S7  63 

0.233 

$0  25 

148 

14  80 

.333 

49 

1    9.T 

31  20 

.533 

104 

3  37 

6  74 

.066 

22 

$60  37 

S2  00 

16 

32  32 

$'.)2  69 

6.073 

108 

$3  08 

New  Orleans   Harbor,   1890  ant)  1891. 

Foundation  Mat,  355  x  130  x  1.75  Ft.,  or  461  Squares. 

Amount  per  Cost  per 

Items.                            Amount.  Cost.  square.  square. 

Brush,  cords 608  SI  258  35  1.32  S2  73 

Lumber,  feet 16  222  176  80  3.51  38 

Rock,  tons   299  597  34                  .65  130 

Wire,  pounds 991  39  64  2.15  08 

Nails,  pounds 4  200  132  90  9.12  29 

Chain,  pounds 3  787  132  54  8.240  28 

Bolts,  number 86  4  30                  -18  01 

Fishplates,  number.  ..       131  9  17                  .28  02 

Subsistence 360  00  ....  78 

Labor 1995  91  4  33 

Total S4  706  9o  SIO  20 

Cribs,  2  325  Cu.  Ft. 

Brush,  1387  cords,  costing  $2  870  67;  poles,  68  cords,  costing  [S140  76; 
rock,  .580  tons,  costing  SI  160  09;  lumber,  37  380  ft.,  costing  $107  44;  No.  10 
wire,  2  090  lbs.,  costing  $83  60;  iron  rods,  456  lbs.,  costing  $15  96;  nails,  2  150 
lbs.,  costing  S74  25;  subsistence,  S450;  labor,  S3  100  16.  Total  cost,  $8303  74; 
cost  per  cubic  foot,  3.57  cents. 


AsHBROoE  Neck,  1891  and  1892,  Mattresses  300  Ft.  Wide  and  Upper-Bank 

Paving. 
This  work  required  the  following  materials:  Brush  and  poles,  2.565  cords 
per  lineal  foot;  stone,  5.136  cu.  yds.;  wire  cables,  14.8  lbs.;  wire,  19.517  lbs.; 
spikes,  2.6  lbs.  The  distribution  per  square  was  as  follows:  Brush,  0.601 
cord;  poles,  0.132  cord;  stone,  0.688  cu.  yd.  The  cost  per  unit  is  given  in 
the  tabular  statement  immediately  following. 

Labor  and  subsisteiice.        Material.  Total. 

Mat  work,  per  fiijuare SI. 573  $3,117  $1,690 

Foot  mat,  per  squar<'.    1719  3.616  5.333 

Revetment,  per  square 2.388  6.809  9.197 

PavinK,  i)er  K<iuare 1.617  7.006  8.623 

Clearing  bank,  per  acre 71.500                   71.50 

Loading  stone,  per  cubic  yard 0.589  .    ...  0.589 

(Iratiinx,  l)er  lineal  foot 0.840  0.369  1.210 

Dressing,  per  lineal  foot 0.457                  0.457 
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Gkeen-ville,  1891  and  1892  ;  SOO-Ft.  Woven  Mat  and  Paving. 

, Cost  peb  Unit. . 

Kind  of  work.  Labor  and  subsistence.  Material.  Total. 

Maltress,  per  square $1,332  $3,167  $4,499 

Revetment,  per  sqiiare 2.042  7.502  9.544 

Paving,  per  square 1.121  7.474  8.594 

Grading,  per  lineal  foot .5387  .213  .7523 

Dressing,  per  lineal  foot .0755  .00  .6755 

Loading  stone,  per  cubic  yard  . .  .4520  .003  .4550 

Louisiana  Bend,  1891  and  1892,  270-Ft.  Mats  and  10-In.  Paving. 

Connecting         Upper-bank 
Materials.  Mattress.  mat.  revetment.  Paving. 

Brush,  cords 0.8  0.8  1.2 

Poles,  cords 12  .12  .12 

Stone,  cubic  yards 7  1.25  1.25  3.00 

Wire,  pounds 5.2  5.2  5.2 

Cable,  pounds 4.4  4.4  4.4 

Spikes,  poiands 0.16  0.16 

Plum  Point  Reach,  1892  and  1893. 

River  Mattress,  Heaviest  Woven  Tj/pe.— Bru.sh,  0.948  cord  per  square  ;  poles, 
0.111  cord  ;  stone,  0.647  cu.  yd.;  wire,  8.07  lbs.;  wire  strand,  2.9  lbs.;  spikes, 
0.41b.;  cable  clamps,  0.114  ;  staples,  0.048  lb.;  piles,  0.0092. 

Paving.— Stone,  0.385  cu.  yd.  per  square,  and  1.709  cu.  yds.  per  lineal  foot; 
spalls,  0.113  and  0.501  cu.  yd. 

Connecting  Mats.— BruBh,  1  117  cords  per  square  ;  poles,  0.136  cord  ;  stone, 
2.228  cu.  yds.;  wire,  6.716  lbs.;  wire  strand,  2.024  lbs.;  spikes,  0.24  lb.;  cable 
clamps,  0.0078  ;  staples,  0.0012  lb. 

Pocket  Mats.—BrvLHh,  0.83  cord  per  square  ;  poles,  0.145  cord  ;  stone,  1.55 
cu.  yds.;  wire,  7.44  lbs.;  wire  strand,  2  lbs.;  clamps,  0.065;  staples,  0.025  lb.; 
spikes,  0.206  lb. 

Cost  of  Work.—Fuver  mats,  $4.27  per  square  ;  connecting  mats,  $8. 17  per 
square  ;  pocket  mats,  $5.90  per  square  ;  paving,  SlO.ll  per  square  ;  grading, 
3|  cents  per  cubic  yard  ;  clearing,  $42.56  per  acre.  Cost  per  lineal  foot  of 
revetment  complete,  $19.22. 

AsHBBOOK  Neck,  1892  and  1893. 

The  mattress  in  this  work  was  250  ft.  wide,  and  the  slope  of  the  paved 
bank  was  4  to  1.  The  distribution  of  the  materials  was  as  follows  :  Brush, 
0.62  cord  per  st^uare,  2.025  cords  per  lineal  foot  ;  poles,  0.14  cord  per  square, 
and  0.41  cord  per  lineal  foot  ;  .stone  6.137  cu.  yds.  per  lineal  foot  ;  wire,  7.7 
lbs.  per  square,  and  22.95  lbs.  per  lineal  foot  ;  wire  cable,  4  and  13.6  lbs. 
This  work  cost  S29  07  per  lineal  foot. 

Greenville,  1892  and  1893. 
This  work  included  woven  mattresses  and  a  paved  upper  bank  on  a  slope 
of  4  to  1.  The  distribution  of  materials  was  as  follows  :  Brush,  0.71  cord  per 
square  and  2.55  cords  per  lineal  foot  ;  poles,  0.13  and  0.35  cord  ;  stone  for 
mattress,  0.63  cu.  yd.  per  square  ;  stone  for  paving,  3.03  cu.  yds.  per  square  ; 
total  stone, '5.74  cu.  yds.  per  lineal  foot  ;  wire,  5.36  lbs.  per  square,  and  20.98 
lbs.  per  lineal  foot  ;  wire  cable,  4.28  and  14.92  lbs.  The  work  cost  $27  08  per 
lineal  foot. 
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Louisiana  Bend,  1892  and  ISQ^ 

The  work  comprised  woven  mats  and  upper-bank  paving.  The  distribu- 
tion of  materials  was  as  follows  :  Brush,  0.88  cord  per  square  and  2.63  cords 
per  lineal  foot  :  poles,  0.17  and  0.44  cord  ;  stone  for  mat,  0.63  cu.  yd.  per 
square  ;  stone  for  paving,  3.58  cu.  yds.  per  square  ;  total  stone,  6.25  cu.  yds. 
per  lineal  foot  ;  wire,  5.61  lbs.  per  square  and  20.14  lbs.  per  lineal  foot  ;  wire 
cable,  3.53  and  10.69  lbs. 

BoLivAK  Front,  1893. 

This  work  was  a  mat  300  ft.  wide,  2  ft.  thick  at  the  upper  edge  and  1  ft.  at 
the  lower.  The  distribution  of  the  materials  was  as  follows  :  Brush,  0.98  cord 
per  square  ;  poles,  O.lo  cord  ;  stone,  0.53  cu.  yd.;  wire,  5.5  lbs.;  wire  cable, 
4.29  lbs.;  spikes,  0.75  lb. 

HoPEFiELD  Bend,  1893  and  1894. 
The  work  included  a  fascine  mattress  310  ft.  wide  and  connecting  fascine 
mattresses.  The  material  in  the  310-ft.  mattress  was  distributed  as  follows  : 
Brush,  1.639  cords  per  square;  poles,  0.053  cord  ;  stone,  0.625  ton  ;  steel  wire, 
4.861  lbs.;  copper  wire,  0.546  lbs.;  wire  strand,  10.965  lbs.;  clamps,  1.5.  The 
cost  per  square  constructed  was  $5  94  and  the  cost  per  square  of  bank  covered 
was  $6  07.  The  distribution  of  the  material  in  the  connecting  mattresses  was 
as  follows  :  Brush,  2.355  cords  per  square;  poles,  0.122  cord;  stone,  0.66  ton. 
The  cost  was  ?6.987  per  square. 

DisTBiBUTiON  OF  Matebial,  1894. 
Material.  Ashbrook  Neck.  Greenville.        Lake  Providence. 

Brush  per  square,  woven  I        -i  -icq  j  157  o  oo 

mat,  cords j 

Brush  per  square,  fascine  I  ,  o- 

mat,  cords \ 

Poles  per  square,  woven  i        ^  214  0.200  0.14 

mat,  cords \ 

Stone    per    lineal    foot,  I  g  ^g  g  gg  73 

cubic  yards j 

Wire     per    lineal     foot,/         28.35  30.63  25.38 

pounds  j 

Wire   strand    ptr    lineal/         irno  ir  nn  o- c< 

r     i.             j'^  t        15.03  lb. 00  2o.54 

foot,  pounds j 

Spikes    per    lineal    foot,  [         4  47  3  20  1  89 

pounds ) 
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CORRESPONDENCE. 


E.  E.  EussELL  Tkatman,  Assoc.  M.  Am.  Soc.  C.  E.— The  paper  Mr.  Tratman. 
deals  -witli  the  work  on  the  lower  Mississijipi,  but  it  may  be  of  interest 
to  mention  briefly  here  the  work  on  the  upper  Mississippi,  in  Wis- 
consin and  Iowa,  carried  out  in  1894-95  under  Alexander  Mackenzie, 
M.  Am.  Soc.  C.  E.  The  bank  to  be  protected  was  cleared  from  trees, 
stumps  and  snags,  and  t^-immed  to  a  regular  slope  of  one  to  two.  The 
fascines  were  20  ft.  long  and  12  to  15  ins.  diameter,  made  of  well- 
trimmed  live  brush  closely  packed  together  and  tied  with  bands  of 
Avire  or  tarred  roj^e  not  more  than  3  ft.  apart.  These  were  made  into 
mattresses  12  ft.  long,  a  single  layer  being  secured  to  three  pairs  of 
binding  poles  by  ties  of  wire  or  tarred  rope  not  more  than  2  ft.  apart. 
The  mattresses  were  sunk  at  the  foot  of  the  bank,  extending  out  into  the 
river,  and  were  loaded  with  a  layer  of  rock  9  to  24  ins.  thick,  in  pieces 
of  6  to  10  cu.  ins.,  a  sufficient  amount  of  small  stone  or  gravel  being 
used  to  fill  all  interstices  and  form  a  compact  mass.  The  larger  stones 
were  also  laid  to  cover  the  bank  above  the  edge  of  the  mattress. 

The  construction  of  brush  dikes  on  the  James  Eiver,  in  Virginia, 
specifications  for  which  were  issued  in  1889  by  William  P.  Craighill, 
Past-President  Am.  Soc.  C.  E.,  may  also  be  referred  to.  These  were 
built  in  water  from  0  to  16  ft.  deep  at  low  tide,  with  a  mean  rise  and 
fall  of  tide  of  Sj  ft.  The  main  dike  was  ajiproximately  parallel  with 
the  shore,  with  lateral  dikes  connecting  it  with  the  shore.  The  methods 
of  construction  were  as  follows: 

First. — Two  rows  of  poles  were  driven  6  ft.  apart,  the  poles  being 
of  pine,  8  ins.  diameter  at  the  small  end  and  35  ft.  long  (or  in  some 
cases  25  ft.),  spaced  8  ft.  center  to  center,  and  sawed  oflf  to  7  ft.  above 
high  water.  Between  these  and  at  right  angles  to  the  cuiTent  was 
placed  a  layer  of  live  brush  to  a  width  of  30  ft.  The  bottom  layer, 
3  ft.  thick,  was  of  small  trees  or  saplings  of  sufficient  length  to  be 
tied  together  in  sections,  and  projecting  15  ft.  from  the  outside  row  of 
poles.  This  was  loaded  down  with  not  less  than  2  tons  of  stone  or 
gravel  per  linear  foot  of  dike.  Upon  this,  and  crosswise  of  the  bottom 
layer,  brush  was  filled  in  and  well  packed  between  the  two  rows  of 
piles  up  to  the  level  of  the  tojjs  of  the  piles,  after  which  the  jjiles  were 
tied  together  longitudinally  and  transversely  with  galvanized  wire  of 
No.  12  American  gauge,  each  set  having  at  least  12  strands  of  wire, 
six  on  each  side. 

Second. — Similar  to  the  first,  but  without  the  bottom  layer  of  brush 
and  stone. 

Third. — Where  the  bottom  was  so  rocky  that  piles  could  not  be 
driven,  three  rows  of  logs  were  laid  iiarallel  with  the  current,  the  rows 
being  10  ft.  apart,  made  of  logs  25  ft.  long  and  8  ins.  diameter  at  the 
smaller  end.     Where  the  ends  of  the  logs  lapped  they  were  bound  by 
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Mr.  Tratman.  three  strands  of  Xo.  12  galvanized  iron  wire.  "Upon  these  were  laid 
8-in.  cross  logs  3  ft.  apart,  each  fastened  to  the  lower  poles  by  two 
strands  of  Xo.  12  galvanized  wire.  Upon  these,  and  jjarallel  with  the 
lower  logs,  brush  was  piled  to  a  depth  of  3  ft. ,  when  another  layer  of 
cross  logs  was  added,  and  secured  to  the  cross  logs  below  at  every 
intersection  with  the  bottom  logs  and  half  way  between  the  intersec- 
tions. The  3-ft.  layers  of  brush,  separated  by  rows  of  cross  logs, 
were  carried  up  until  the  low-water  surface  was  reached.  The  dike 
was  then  sunk  by  loading  it  Avith  stone  or  gravel,  after  which  it  was 
further  consolidated  by  iJiitting  on  2  tons  of  hard  stone  per  linear  foot 
of  dike. 

In  the  regulation  of  the  River  Isar,  a  mountain  stream  of  Bavaria, 
a  system  of  susjiended  mattresses  has  been  employed.  The  heels  of 
the  fascines  are  attached  to  a  row  of  piling,  so  as  to  form  a  slightly 
jjendulous  inclined  wall,  which  checks  the  current  and  causes  the  det- 
ritus to  be  dejiosited  in  the  comparatively  still  water  behind  the  fascines, 
the  artificial  bank  being  afterward  protected  by  mattress  revetment. 

Mattress  revetment  has  been  employed  for  shore  protection  on 
Lake  Erie,  and  the  following  is  a  descrijDtion  of  this  work  from  speci- 
fications by  Capt.  F.  A.  Mahan  for  shore  protection  at  Erie,  Pa.,  in 
1888.  The  protection  consists  of  a  row  of  oak  piles  parallel  with  and 
100  ft.  from  the  shore,  6  ft.  cejiter  to  center,  driven  15  ft.  into  the  bed 
of  the  lake,  and  cut  off  3  ft.  above  water.  On  each  side  and  12  ins. 
above  the  water  line  is  a  6  x  12-in.  waling  piece,  and  on  the  outer  side 
are  sheeting  piles  placed  close  together,  driven  7  ft.  into  the  ground, 
secured  to  the  waling  juece  and  having  another  waling  piece  fastened 
on  the  outside.  In  the  rear  of  this  is  a  brush  mattress  20  ft.  wide, 
weighted  down  by  stone.  The  mattresses  are  made  as  follows :  Fas- 
cines 20  ft.  long  were  made  by  binding  together  saplings  not  less  than 
13  ft.  long  or  more  than  2  ins.  diameter  at  the  butt,  laid  alternately, 
butts  and  tij^s,  to  form  compact  bundles  12  ins.  diameter,  each  biindle 
having  six  fastenings  of  Xo.  10  B.  W.  G.  wire,  the  extreme  ones  6  ins. 
from  the  ends.  For  each  mattress  there  are  four  poles  29  ft.  long  and 
tj  ins.  diameter  at  the  smaller  end,  placed  6  ft.  center  to  center. 
Across  these  were  laid  the  fascines,  bound  by  No.  10  wire,  passing 
alternately  over  two  and  under  one  fascine  in  succession,  the  wire  also 
passing  around  the  jjoles.  The  completed  mattresses  were  towed  into 
l)lace  and  sunk  by  loading  them  with  stone,  close-grained  limestone  or 
granite,  in  blocks  of  100  to  200  lbs.  weight. 

It  would  be  interesting  to  know  if  mattress  revetment  has  been 
employed  for  shore  protection  on  lake  or  sea  coast  in  positions  where 
it  is  suV)iocted  to  wave  attacks.  The  writer  is  under  the  impression 
that  Home  such  system  was  employed  a  few  years  ago  at  Brighton 
Beach,  on  Coney  Island,  N.  Y.,  where,  however,  the  Atlantic  waves 
undermined  it  and  broke  it  to  pieces. 
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Wllll^m  Staeling,  M.  Am.  Soe.  C.  E. — The  pai^er  deals  with  a  very  Mr.  StarliDg. 
important  feature  of  river  improvement,  which  has  received  an  extraor- 
dinary develojiment  under  the  Mississippi  Eiver  Commission.  It  is 
not  by  any  means  a  novel  contrivance,  for  it  has  been  in  use  in  Europe 
for  a  century  or  more.  In  its  apj^lication  to  the  peculiar  conditions 
of  the  Mississippi,  it  has  been  necessary  to  dej^art  more  or  less  widely 
from  the  methods  in  u.se  elsewhere.  Many  of  the  devices  employed 
have  been  original,  and  evolved  from  the  necessities  of  the  case.  The 
great  size  and  violence  of  the  big  American  stream  and  the  extraordi- 
naiy  instability  of  its  banks  and  bed  demand  works  of  special  strength 
and  dimensions.  Brush  has  to  be  obtained  from  the  wild  growths 
which  spiing  up  spontaneously  on  the  bars  and  foreshores.  It  is 
larger  and  rougher  than  the  brush  of  the  European  markets,  which  is 
mostly  an  artificial  product,  raised  for  the  special  purpose  for  which 
it  is  employed.  It  is  interesting  to  observe  that  the  latest  construc- 
tions of  bank  revetments  differ  less  from  the  foreign  types  than  those 
of  an  earlier  date. 

It  is  with  the  details  of  the  work  as  it  is  practiced  on  the  Missis- 
sippi that  the  j^aper  deals;  and  the  author  has  preferred  to  confine 
himself  to  such  details  rather  than  to  go  into  the  general  principles  of 
bank  revetment  as  a  branch  of  river  improvement.  The  author  is  an 
authority  on  the  siabject  of  which  he  writes,  as  he  has  been  connected 
with  river  improvement  since  its  beginnings  on  the  Mississippi.  It  is 
well  known  to  those  who  have  kept  iij)  with  the  progress  of  the  latter 
work  that  bank  i^rotection  was  not  adoj^ted  as  a  principle  without  violent 
opposition.  The  late  James  B.  Eads  threw  the  whole  weight  of  his 
great  name  and  abilities  against  it.  The  friends  of  revetment  believed 
and  still  believe  that  by  preventing  the  caving  of  banks,  they  would 
cut  off  the  supply  of  material  for  building  up  the  shoals  below,  and 
that  thus  some  of  the  principal  obstacles  to  navigation  would  be  re- 
moved. Mr.  Eads  did  not  concur  in  this  view.  He  thought  that  if 
the  water  was  already  fully  loaded  with  sediment,  it  would  stop  cav- 
ing, even  in  concave  bends.  His  reu|edy  for  the  evil  was  therefore  to 
contract  the  wide  places  above  the  caving  reaches.  He  was  opposed 
to  direct  bank  protection,  first,  on  account  of  the  enormous  expense 
involved;  second,  because  he  thought  the  work  ineffective  as  a  means 
of  improving  navigation,  and  third,  becau.se  he  did  not  believe  that  the 
revetments  could  be  maintained.  The  matter  will  be  found  fully  dis- 
cussed in  Mr.  Eads'  numerous  letters,  in  the  jjaper  on  caving  banks* 
by  B.  M.  Harrod,  M.  Am.  Soc.  C.  E. ,  and  in  other  places. 

The  old  inhabitants  and  the  steamboatmen  were  not  only  incredu- 
lous as  to  the  success  of  V)ank  protection,  biit  they  were  sure  it  could 
not  be  accomplished.     All  the  money  in  the  United  States  Treasury 
could  not  do  it.     The  first  puny  efforts  that  were  made  seemed  almost 
*  Publisbed  in  pamphlet  form  in  1886. 
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Mr.  Starling,  to  justify  tlieir  gloomy  forebodings,  and  it  was  only  by  taking  to  heart 
the  lessons  taught  by  repeated  failures  that  success  has  at  last  been 
attained. 

The  experience  of  the  last  15  or  16  years  has  resulted,  as  the  author 
has  noted,  in  a  continuous  advance  in  the  direction  of  strength  and 
expensiyeness,  until  the  cost  of  a  thorough  system  of  bank  protection 
in  a  badly  caying  reach  is  about  .^30  per  linear  foot.  The  work  thus 
constructed  is  not  absolutely  permanent.  Sooner  or  later,  as  stated 
in  the  paper,  there  occurs  a  scour  at  the  foot  of  the  reyetment,  which 
causes  the  latter  to  assume  a  steeper  sloj)e,  and  frequently  results  in  a 
sliding  down  of  parts  of  the  structure,  attended  with  breaks  in  the 
fabric,  and  sometimes  Avith  partial  erosion  in  the  bank  thus  left  ex- 
posed. These  damages  are  not  usually  extensiye,  nor  is  the  repair  of 
them  generally  yery  costly. 

The  latest  conclusion  to  which  the  Mississippi  Kiyer  Commission 
has  come  seems  to  be  that  bank  reyetment  is  a  valuable  and  effective 
means  of  preserving  the  shores  of  the  river  from  erosion,  and  in  certain 
situations  is  the  legitimate  and  necessary  remedy  to  be  applied;  as, 
for  instance,  for  the  prevention  of  a  cut-off,   for  the  preservation  of  a 

A__     A'    __    A"  A'"  r.  r.'  .-       ^ 


very  great  and  important  levee,  or  for  the  saving  of  valuable  property, 
as  on  the  front  of  a  city.  As  a  pai-t  of  a  regular  plan  for  continuous 
river  improvement,  its  expense  and  the  necessity  for  repairs  seem  to 
be  a  very  serious  drawback. 

The  erosion  which  takes  jjlace  at  the  foot  of  the  revetment  is  a  well- 
known  objection  to  the  holding  of  banks  in  concave  bends.  In  the 
improvement  of  the  Rhone,  jjrevious  to  1878,  the  concave  shores 
were  provided  either  with  bank  protection  or  with  parallel  dikes. 
The  strong  high-water  current  scoured  the  bed  so  deeply  and  produced 
so  great  a  pool  that  during  low- water  stages  the  velocity  of  the  current 
became  insignificant,  and  the  fall  was  concentrated  at  the  shoals  exist- 
ing at  the  reversion  points,  a  condition  highly  unfavorable  to  low- 
water  navigation.  The  reason  of  this  excessive  scour  seems  not  to 
have  been  satisfactorily  explained.  Surely  the  portion  of  the  water  in 
contact  with  the  ])ottom  will  not  scour  any  the  more  because  the  por- 
tion in  contact  with  the  revetment  is  prevented  from  scouring.  The 
rationale  of  the  process  api)ears  to  be  this  :  Before  revetment  and 
while  bank  erosion  was  progressing,  the  bottom  scoured  out  at  the 
same  rate  that  it  did  after  revetment,  but  the  bank,  being  undermined. 
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fell  in  and  made  good  the  loss  of  material  on  tlie  bottom.      The  net  Mr.  Starling 

result  of  this  process  was  a  lateral  erosion,   whereby  the  bed  of  the 

river  was  shifted  from  right  to  left  or  the  reverse.    The  point  of  attack 

of  the  current  against  the  bottom  was  thus  continually  changed.    The 

river  which  lately  occupied  the  position  A  B  C  D,  Fig.  22,  has  taken 

in  succession  the  jjositions  A'  B'  C  D',  A"  B"  C"  D" ,  etc.     Now,  if  the 

bank  C  D  be  held  by  revetment  so  that  it  cannot  fall  in,  the  current 

makes  its  attack  always  at  C,  and  the  space  scoured  out  is  not  filled 

up,  but  is  augmented  by  each  successive  invasion  of  the  current. 

The  author  has  alluded  to  the  importance  of  selecting  a  j)oint  for 
beginning  the  work.  In  the  earlier  applications  of  bank  protection, 
care  was  taken  to  rest  the  upj^er  end  of  the  work  under  a  bar,  or  at  a 
point  where  the  bank  was  stationary,  so  that  the  revetment  should  not 
be  flanked  or  taken  in  reverse  by  erosion  above  its  commencement. 
It  was  found  that  the  precaution  was  sometimes  carried  to  excess.  By 
the  time  6  000  lin.  ft.  of  work  had  been  completed,  perhaps  half  of  it 
.  was  rendered  unnecessary  by  the  advance  down  stream  of  the  bar  at 
its  head.  At  Greenville,  in  1891,  when  the  town  was  threatened  with 
destruction  by  a  rapidly  caving  bank,  it  was  decided  to  depart  from  the 
ordinary  method  and  begin  at  the  lower  end  of  the  caving  reach,  where 
the  destruction  was  greatest  and  the  necessity  for  action  immediate. 
This  course  was  accordingly  adopted,  and  6  000  lin.  ft.  of  mattress 
was  laid  from  below  upward*.  It  was  feared  that  there  would  be  a 
very  serious  loss  of  material  at  the  upper  end,  but  the  apijreheusions 
were  not  justified  by  the  event,  the  damage  being  small.  The  bank 
caved  away  for  a  short  distance  above  the  head  of  the  revetment  and 
carried  away  50  or  100  ft.  of  the  latter.  The  pocket  thus  formed  pro- 
duced dead  water,  and  the  caving  then  ceased.  Next  year  4  500  ft. 
more  were  laid  in  the  same  way  and  with  the  same  result.  The  suc- 
cess of  these  experiments  indiiced  the  Mississijjpi  River  Commission 
to  j)roceed  in  the  same  manner  at  Lake  Providence  in  1895,  and  doubt- 
less this  will  be  a  well-recognized  feature  of  practice  in  the  future. 

D.  M.  CuKRiE,  M.  Am.  Soc.  C.  E.  — The  author  mentions  having  Mr.  Cunie. 
tried  for  years  the  form  of  protection  used  near  St.  Louis,  termed  the 
woven  mattress,  but  finally  notes  its  failure  on  the  lower  river,  with 
the  rest,  without  mentioning  its  success  near  St.  Louis.  This  omission 
might  be  misleading  to  members  not  familiar  with  the  facts.  The 
woven  mattress  has  been  the  standard  form  of  construction  for  the 
protection  of  the  subaqueous  slopes  of  banks  between  St.  Louis  and 
the  mouth  of  the  Ohio  River  continuously  since  its  adoption  in  1881. 
The  length  of  bank  i^rotected  by  this  form  within  this  jjeriod  aggre- 
gates about  23  miles,  and  uo  iirotection  has  been  lost  or  damaged  on 
account  of  the  failure  of  the  mattress,  showing  that  the  form  is  eflSci- 
ent  under  the  exi.stiug  conditions,  and  emphasizing  the  difficulties  met 
in  the  protection  of  the  banks  below  Cairo. 
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Mr.  Price.  W.  G.  Peice,  M.  Am.  Soc.  C.  E. — The  first  submerged  sjjur  dikes  used 
on  the  Mississippi  River  Avere  constructed  in  the  Gouldsboro'  Bend  of 
New  Orleans  Harbor,  in  1884,  and  were  designed  by  Col.  Amos  Stick- 
ney.  These  dikes  have  now  been  in  place  eleven  years,  and  have  with- 
stood successfully  a  very  swift  current,  which  sets  in  vei'y  strong 
against  this  bank,  where  rapid  caving  was  taking  place  before  they 
were  constructed. 

At  other  jslaces  where  this  system  has  been  used,  and  where  it  has 
not  been  so  successful,  the  original  plan  has  not  been  followed,  and  a 
cheaper  and  weaker  one  has  been  substituted.  It  is  possible  that  the 
partial  failure  is  due  to  this  change  of  pluii. 

The  dikes  at  Gouldsboro'  were  so  constructed  that  all  permanent 
fastenings  were  of  wood,  so  that  all  the  metal  fastenings  which  were 
used  in  sinking  the  mattress  and  cribs  might  be  removed,  and  the  struc- 
ture would  still  be  strongly  bound  together.  These  dikes  also  had  a 
mattress  apron,  which  extended  119  ft.  do\\'n  stream  from  the  top  crib, 
to  ijrevent  the  eddy  which  forms  below  the  crib  from  cutting  away  the  • 
bank.  The  dikes  built  in  the  Third  District  and  at  Carroflton,  in  New 
Orleans  Harbor,  had  the  length  of  the  mattress  apron  very  miich  re- 
duced in  width.  The  two  dikes  built  at  Plaquemine  in  1889  had  a 
mattress  apron  70  ft.  wide,  and  after  these  dikes  had  been  in  place 
nearly  two  years,  a  careful  examination  of  them  was  made  by  the 
writer,  Avho  found  that  the  bank  was  being  washed  out  below  and  close 
to  the  down-stream  edge  of  the  mattress,  which  was  a  sure  indication 
that  the  apron  was  not  wide  enough  to  protect  the  bank  from  the  eddy 
caused  by  the  crib.  The  next  three  dikes,  which  were  built  at  Plaque- 
mine  in  1891,  had  the  apron  reduced  to  a  width  of  65  ft.,  and  the  mat- 
tress and  crib  did  not  extend  far  enough  oiit  into  the  river  to  have  a  foot- 
ing on  the  level  bottom  from  which  to  brace  up  the  bank.  This  change 
in  the  plan  of  the  dikes  was  made,  not  with  the  expectation  of  making 
them  better,  but  to  reduce  their  cost.  It  is  the  opinion  of  the  writer 
that  this  change  of  jilan  Avas  the  cause  of  the  serious  caving  at  Plaque- 
mine  which  followed  the  construction  of  these  three  dikes,  and  was  the 
cause  of  the  failure  of  the  dikes  at  Carrollton  and  in  the  Third  District 
of  New  Orleans  Harbor  to  protect  properly  the  bank  between  them. 
The  widths  of  apron  required  for  various  heights  of  crib  and  for  difler- 
ent  radii  of  curvature  of  river  bank  have  not  been  precisely  deter- 
mined, but  evidently  it  is  not  safe  at  any  location  to  make  the  ajn'on 
much  narrower  than  those  at  Gouldsboro'. 

The  writer  believes  that  the  jsractice  of  using  fastenings  of  metal 
in  dikes  and  mattresses  should  be  discontinued.  It  is  necessary  to 
use  some  metal  fastenings  to  hold  the  cidbs  and  mattress  in  place  while 
sinking  them,  Init  they  sliould  not  be  essentially  permanent  parts  of 
tlie  structure. 

Some  years  ago  the  writer  liad  a  chance  to  note  the  effect  on  phiiu 
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and  galvanized  wire  of  corrosion  and  the  impact  of  particles  of  sand  Mr.  Price, 
in  suspension  in  a  swift  current  in  the  upper  Mississippi  River.  Where 
the  curx-ent  was  not  swift  enough  to  carry  sand  against  it,  the  plain 
steel  annealed  wire,  No.  12,  was  corroded  in  about  seven  months  so  as 
to  reduce  the  section  oue4ialf.  In  a  swifter  current,  which  carried 
sand  in  suspension,  a  No.  10  galvanized  iron  wire  was  i-educed  in  sec- 
tion one-half  in  about  three  months,  and  the  zinc  was  cut  off  in  about 
10  days.  The  wire  was  lifted  out  of  the  water  so  it  could  be  seen  once 
every  day,  and  while  the  current  was  strong  enough  to  carry  sand  in 
suspension  no  rust  was  found  on  it  ;  which  indicated  that  the  entire 
reduction  of  section  was  caused  by  the  impact  of  particles  of  sand. 

The  mattress  used  in  the  dikes  at  Carrollton  was  bound  with  frames 
of  sawed  pine  timber.  Cottonwood  timber  would  be  just  as  good  for 
this  ijurpose  if  it  were  used  while  green,  and  it  would  be  much 
cheaper.  The  frames  extended  in  a  direction  normal  to  the  bank  line, 
so  that  they  held  the  rock  from  being  rolled  down  stream  by  the  cur- 
rent. Willow  poles,  to  hold  the  rock  from  rolling  down  the  steep 
bank,  were  wired  to  the  frames.  After  the  wire  has  been  destroyed  by 
corrosion,  the  poles  will  give  way.  A  better  form  of  construction 
would  be  to  use  sawed  timber  in  j^lace  of  the  poles,  which  could  be 
fastened  with  wood  pins  to  the  ujjright  pieces  which  project  above  the 
frames.  This  form  of  mattress  is  flexible,  and  will  bend  with  its 
weight  of  rock  so  as  to  fit  the  uneven  bed  of  the  river  ;  and  if  a  part 
is  broken  down  by  excessive  bending,  it  will  not  go  to  pieces.  Great 
flexibility  in  a  mattress  is  not  necessary.  The  immense  amount  of 
wood,  leaves,  grass,  roots,  etc.,  which  moves  along  the  bottom  of  the 
Mississippi  River  will  rapidly  clog  up  any  opening  there  may  be 
under  the  up-stream  edge  of  a  thick  mattress,  and  all  other  cavities 
down  stream  will  then  be  quickly  filled  with  sand. 

The  submerged  spur  dikes  at  Greenville  were  constructed  of  wil- 
lows and  i)oles,  and  bound  together  with  wire  and  spikes,  and  they 
are  liable  to  go  to  pieces  after  the  metal  fastenings  have  been  de- 
stroyed. 

The  woven  mattress  is  weak  only  along  its  edges,  where  the  willows 
are  bound  with  wire.  The  first  break  probably  occurs  at  the  deep- 
water  edge,  where  the  wire  fastening  is  destroyed,  and  the  swift  cur- 
rents bend  the  loosened  willows  down  stream  so  as  to  release  the  first 
weaving  pole,  which  is  soon  carried  away,  and  then  the  next  weaving 
l^ole  is  released,  and  the  action  continues  until  the  mattress  is  gradu- 
ally destroyed.  That  faults  have  occurred  in  the  deep-water  edge  of 
the  woven  mattress  i)robal)ly  does  not  indicate  a  lack  of  flexibility, 
but  does  indicate  that  the  wire  fastenings  have  been  destroyed.  After 
willow  wood  has  been  submerged  for  a  few  months  it  l)ecomes  heavier 
than  water,  so  that  when  a  mattress  is  being  carried  away  no  material 
comes  to  the  surface.     The  mattress  used  in  building  the  submerged 
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Mr.  Price,  si^iir  dikes  at  Gouldsboro' "was  Moveu,  Init  the  edges  were  strengthened 
■with  a  continiioiis  crib  filled  with  rock. 

The  fasciue  mattress  as  now  used  in  the  Mississipjii  is  bound  to- 
gether with  galvanized  iron  and  silicon  bronze  wire.  In  swift  currents 
it  is  possible  that  the  sand  will  cut  all  this  wire,  so  as  to  release  the 
binding  jjoles,  and  thus  cause  its  destruction. 

The  mattress  and  cribs  used  in  building  the  two  dams  across  the 
Atchafalaya  River,  at  Simsport,  La. ,  were  all  bound  together  with  pins 
of  wood,  and  for  six  years  they  have  withstood  a  current  over  them 
which  jjowerful  steamshij^s  cannot  stem  at  high  water,  excejit  by  pass- 
ing up  close  to  the  shore.  If  the  material  in  these  dams  had  been 
bound  with  wire  of  any  kind,  they  probably  would  have  been 
destroyed  within  one  or  two  years  after  they  were  completed. 
Mr.  Noble.  Alfred  Noble,  M.  Am.  Soc.  C.  E.  — The  j^ajjer  is  an  extremely  inter- 
esting history  of  the  methods  used  for  the  jn-otectiou  of  the  banks  of 
the  Mississijipi  River  below  Cairo.  In  their  development  there  has 
been  little  change  in  the  general  features,  but  the  work  has  been 
steadily  increased  in  strength  and  cost,  the  frail  constructions  first 
adopted  having  jiroved  unequal  to  the  task  imposed.  In  the  nature 
of  things  a  large  amount  of  experimental  work  had  to  be  done;  the  en- 
gineers had  almost  no  precedents  to  guide  them  in  dealing  with  the 
prodigious  problem  of  the  regiilation  of  the  Mississippi,  and  it  is  not 
surpi-ising  or  discreditable  that  so  much  of  the  work  failed.  If  thei-e 
had  been  no  failures  the  conclusion  would  have  been  irresistible  that 
much  money  had  been  wasted  by  constructions  unnecessarily  strong 
and  expensive. 

The  tables  of  cost  are  of  much  value,  but  this  value  would  be  greatly 
increased  if  a  jiroper  allowance  for  plant  were  included  so  that  the 
figures  would  represent  the  actual  outlay.  On  this  class  of  work  a 
large  floating  equipment  is  required;  in  the  moist  climate  of  the  lower 
Mississippi  decay  of  this  equipment  goes  on  rai^idly  every  month  of 
the  year,  and  the  life  of  a  barge  is  short.  It  Avill  require  extensive 
repairs  in  four  or  five  years  amounting  almost  to  rebuilding,  and  a 
large  annual  ex2)euditure  afterward  until  abandoned.  A  i)roper  allow- 
ance for  the  cost  and  maintenance  of  jjlant  would  probably  increase 
the  unit  prices  given  in  the  jiaper  at  least  20  per  cent. 

It  is  to  be  regretted  that  the  paper  does  not  give  a  more  conijilete 
statement  of  the  results  of  l)ank  protection  at  a  few  of  the])oints  Avhere 
the  most  persistent  work  has  been  done.  For  instance,  at  H()i)etield 
Bend  just  above  the  city  of  Memphis,  work  has  been  in  jn'ogross  nearly 
every  year  since  18H3.  All  of  the  work  done  i>revious  to  18'J0,  it  ap- 
l)ear8  from  the  paper,  was  rei)laced  before  1894,  except  in  the  upi)er 
end  of  the  reach,  wliere  a  sand  bar  had  formed  in  front  of  the  work 
and  protection  was  no  longer  ni'cded.  A  statement  of  the  total  cost 
at  this  locality,  the  anionut  of  bank  recession  after  tlio  first  ])rotection 
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work  was  placed,  and  tlie  cost  of  the  Avork  destroyed  by  siiccessive  Mr.  XoWe. 
floods,  would  give  a  vivid  idea  of  the  difficulty  of  the  problem  and 
some  notion  of  the  immense  expenditure  that  -n-ill  be  requii-ed  for  the 
complete  regulation  of  the  stream,  and  might  suggest  doubt  as  whether 
the  end  to  be  gained  would  jixstify  the  outlay.  However  this  may  be 
as  to  the  general  question,  there  is  no  doubt  as  to  the  necessity  of  bank 
protection  at  certain  points  where  large  local  and  important  public 
interests  are  so  involved  that  the  execution  of  improvements  by  local 
authorities  is  imiiracticable.  An  instance  is  afforded  by  Vicksburg, 
where  a  shipping  and  distributing  point  of  considerable  imjjortance 
was  nearly  shut  oif  from  the  river  by  a  cut-ofif  and  the  further  travel 
of  the  channel  was  checked  by  the  protection  works  at  Delta  Point. 
A  still  better  illustration  is  given  at  Memphis,  a  place  of  much  greater 
importance. 

The  city  of  Memjihis  is  built  on  a  l)luff  of  a  height  of  about  100  ft. 
above  low  waterin  the  river.  It  is  the  only  point  for  a  long  distance 
where  the  river  flows  against  the  bluft'.  At  the  upper  end  of  the  city 
is  the  mouth  of  Wolf  River  on  which  are  located  several  saw  mills,  sup- 
plied with  logs  in  rafts  from  the  Mississippi;  near  the  mouth  is  the 
transfer  landing  of  the  Little  Rock  and  Memphis  Railroad;  below  this 
the  bank  of  the  Mississippi  is  lined  with  warehouses  for'  a  distance  of 
about  half  a  mile,  followed  by  a  paved  levee  for  the  landing  of  steam- 
boats, extending  for  a  distance  of  another  half  mile,  the  two  sections 
covei-ing  the  business  portion  of  the  city.  The  Memphis  Bridge  is  If 
miles  below  the  levee;  about  midway  in  this  section  are  the  terminal 
grounds  of  the  Kansas  City,  Fort  Scott  and  Memphis  Railroad  and  its 
allied  lines,  situated  on  the  bluft'  and  having  a  river  front  of  aboiit  half  a 
mile.  Immediately  above  the  city  is  the  stretch  of  river  known  as  Hope- 
tield  Bend;  in  this  stretch  the  course  of  the  river  is  nearly  normal  to  the 
general  course  of  the  valley  and  to  the  direction  of  the  city  front,  and 
hence  the  current  strikes  squarely  against  it.  Prior  to  1878  the  cur- 
rent struck  the  city  front  at  its  upper  end,  making  it  necessary  to  build 
the  protection  works  described  in  the  pajjer;  at  that  time,  however,  the 
river  was  eroding  the  right  bank  in  Hopefield  Bend,  or,  in  other  words, 
this  stretch  of  river  was  moving  laterally  down  the  valley.  If  not 
checked  the  result  would  be  the  destriiction  of  Hopefleld  Point  and  the 
city  would  be  shut  off"  fi'om  the  river.  The  revetment  of  the  caving 
bank  Avas  undertaken  to  jirevent  this  and  to  preserve  the  harbor. 

In  order  to  I'elieve  the  force  of  the  current  against  the  upper  end  of 
the  city  front  it  was  deemed  advisable  to  commence  the  revetment  at 
the  upper  end  of  the  stretch  and  carry  it  down  stream  from  year  to 
year.  This  would  permit  the  ciittiag  away  of  the  bank  in  advance  of 
the  revetment;  and  the  cuu'ent  would  strike  the  Memphis  front  farther 
down  stream  and  at  a  rather  better  angle.  It  was  intended  to  build 
the  revetment  at  the  proper  rate  to  stop  theciittiug  and  hold  the  bank 
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Mr.  Noble,  when  tlie  pressure  against  the  upper  end  of  the  city  front  was  some- 
what relieved,  but  before  any  injurious  tilling  could  result  in  front  of 
the  transfer  lauding,  the  warehouses  or  the  levee. 

The  proper  execution  of  this  plan  required  control  of  funds  for  com- 
pleting the  work  at  the  exact  time  when  the  erosion  of  the  bank  in 
Hopefield  Bend  had  reached  the  proper  limit.  At  the  critical  period 
no  funds  were  available,  the  ctitting  progressed  rapidly  with  a  corre- 
sponding fill  on  the  opposite  bank,  and  a  sand  bar,  bare  at  a  medium 
stage,  formed  in  front  of  the  city  from  the  mouth  of  "Wolf  River  to  the 
paved  levee  and  over  lapi)ed  its  up-stream  end.  The  force  of  the  cur- 
rent was  thrown  against  the  blufi  below  the  protected  front,  causing 
the  loss  of  valuable  ground,  and  in  consequence  a  fund  was  raised  by 
citizens  of  Memphis  and  exjjended  under  the  supervision  of  the  oflBcers 
of  the  Mississippi  Eiver  Commission  for  extending  the  protection  down 
stream.  The  proi^erty  of  the  railroad  company  referred  to  was  below 
the  new  Avork  and  a  considerable  area  fell  into  the  river. 

At  the  site  where  the  Memphis  Bridge  was  afterAvard  built,  there 
was  formerly  a  strii^of  low  ground  several  hundred  feet  in  width  under 
the  foot  of  the  bluflf.  With  the  conditions  up  stream  changed,  this 
began  to  wear  away.  During  the  winter  of  1889-90  it  had  disappeared 
entirely  as  far  down  stream  as  the  bridge  line  and  a  considerable 
quantity  of  earth  had  fallen  from  the  bluff  within  300  ft.  of  the  bridge. 

In  order  to  stop  this  cutting  in  the  immediate  neighborhood  of  the 
bridge  the  chief  engineer,  George  S.  Morison,  Past-President  Am.  Soc. 
C.  E. ,  decided  to  adopt,  with  some  modifications,  the  method  then  in 
use  by  the  Mississippi  River  Commission  for  the  protection  of  cut- 
ting banks.  The  failures  of  river  protection  works  which  had  already 
occurred  pointed  to  the  necessity  of  making  the  work  stronger  and 
loading  it  more  heavily  with  rock,  the  latter  remedying,  to  some  extent, 
the  want  of  flexibility  in  the  mattresses  and  forcing  them  more  closely 
to  the  bed  of  the  stream.  The  mattresses  were  also  made  much 
heavier,  the  quantity  of  brush  being  nearly  doubled  and  both  longi- 
tudinal and  transverse  wire  cables  were  used  more  freely. 

Tlie  upper  end  of  the  protection  work  is  1  080  ft.  above  the  bridge, 
the  lower  end  240  it.  below  the  bridge,  making  a  total  length  of  1  320 
ft. ;  the  i)rotected  area  is  about  365  ft.  wide,  extending  from  high- water 
mark  to  deepest  water  in  the  channel,  or  very  nearly  to  it.  The  con- 
ditions are  in  some  resj)ects  more  favorable  than  in  Hoi)efield  Bend, 
the  ground  not  l)eing  alluvial  silt,  but  the  under  i)ortion  of  a  bluff 
generally  of  friabh>  clay  with  much  gravel,  which  dimmislios  the 
danger,  both  from  under-cutting  and  from  scouring  through  the 
mattress.  There  is,  however,  a  stratum  of  sand  a  short  distance  above 
low  water,  which  yields  readily  to  the  current  Avherever  exi>osed  and 
explains  some  i)eculiar  features  in  the  caving  of  the  bluff. 

The  wurk  was  undertaken  in  tlie  lull  of  IH'.K).     The  eiiuii)nu'nt  was 
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similar  to  that  used  on  government  work;  the  mooring  boats  and  mat-  Mr.  Noble, 
tresses  Avere  anchored  mainly  with  boxes  filled  with  rock,  shore 
anchors  being  used  onlv  for  the  shore  edge.  The  anchor  lines  were 
li-in.  wire  cables.  It  had  been  intended  to  weave  the  subaqueous 
mattress  in  one  piece  250  ft.  wide  and  1  300  ft.  long,  but  a  succession 
of  rises  made  it  necessai-y  to  sink  it  in  four  sections,  the  accumulation 
of  drift  against  the  mooring  barges  straining  the  anchor  lines  so 
severely  in  each  case  that  there  was  imminent  danger  of  losing  the  por- 
tion woven.  The  several  sections  were  made  to  overlap  each  other,  and 
the  loading  along  the  lines  of  junction  was  made  specially  heavy. 
Although  the  mattresses  were  Avoven  in  the  manner  which  has  jiroved 
so  unsatisfactory  at  Hopefield  Bend,  the  work  has  been  entirely  suc- 
cessful, a  result  which  is  believed  to  be  due,  not  only  to  the  more 
favorable  ground  at  the  site,  but  to  the  more  substantial  construction 
of  the  mattresses. 

In  the  interval  of  two  years  between  the  date  of  the  survey  of  the 
bridge  site  and  the  commencement  of  the  construction  of  the  bridge, 
the  west  bank  receded  about  200  ft.,  and  the  west  pier,  originally 
located  at  the  bank,  now  came  in  the  river.  It  was  desired,  not 
merely  to  prevent  farther  cutting,  but  to  restore  the  former  shore  line. 
The  method  adopted  to  secure  this,  which  i)roved  entirely  successful, 
was  to  build  along  the  line  to  be  restored,  a  screen  mattress  hung  uj) 
by  one  edge  to  a  trestle,  its  up-stream  end  1  080  ft.  above  the  bridge, 
its  down-stream  end  75  ft.  below  it,  making  a  total  length  of  1  155  ft. 
The  up-stream  end  was  curved  toward  the  existing  bank  and  the  small 
opening  closed  by  a  dike  of  brush  and  stone.  The  top  of  the  dike  and 
of  the  screen  was  above  ordinary  high  water.  The  screen  mattress 
was  loosely  woven  and  was  designed  to  jjermit  the  passage  of  water 
through  it  with  a  reduced  velocity,  inducing  the  deposit  of  the  greater 
part  of  the  material  held  in  suspension. 

In  carrying  out  this  jjlan  a  foundation  mattress  was  first  woven  and 
sunk  on  the  bed  of  the  river,  the  whole  length  of  the  jjroposed  screen. 
It  was  150  ft.  wide  and  extended  outside  of  the  screen  line  about  100  ft. 
This  was  heavily  loaded  with  rock,  particularly  on  the  outer  edge,  so 
that  if  under-cut  it  would  follow  the  ciittiug  closely.  The  ujjper  i)or- 
tion  of  this  mattress  was  made  250  ft.  wide  and  extended  350  ft.  above 
the  cross  dike  with  its  in-shore  edge  as  close  to  the  bank  as  it  could  be 
floated. 

The  next  step  was  to  build  a  light  pile  trestle  along  the  proposed 
screen  line,  driving  the  i)il('s  througli  the  foundation  mattress  which 
protected  them  effectually  from  scour.  The  screen  mattress  was  then 
woven,  one  edge  hung  to  the  top  of  the  trestle  on  the  river  face,  the 
width  of  the  mattress  being  25  ft.  to  40  ft.  greater  than  the  distance  from 
the  top  of  the  trestle  to  the  ground  so  that  a  broad  flaj)  rested  on  the 
bottom;  this  was  also  loaded  with  rock.     In  order  to  farther  check  the 
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Mr.  Noble,  current  ueai-  the  lower  end  of  the  jn-otected  area,  a  short  si>ur  dike 
Avas  built  from  the  shore  nearly  out  to  the  screen  about  100  ft.  above 
the  biidge  line;  the  top  was  left  at  first  considerably  below  high-water 
level,  but  was  afterward  raised  as  the  filling  progressed.  The  effect  of 
this  woi'k  was  apparent  immediately  after  the  first  rise,  and  in  two 
years  the  area  behind  the  screen  was  filled  nearly  to  its  original  level. 

The  screen  mattress  and  trestle  are  temporary,  of  course,  and  the 
portion  of  the  former  above  low  water  is  no  longer  capable  of  resisting 
a  vigorous  attack  of  the  river.  During  the  last  two  years,  however, 
the  river  has  shown  no  tendency  to  encroach  in  that  direction  and 
while  this  condition  continues  no  additional  protection  will  be  required, 
but  if  the  bank  should  be  attacked,  the  action  is  not  likely  to  be  violent, 
and  it  can  be  i^rotected  by  the  usual  revetment. 

An  application  of  mattress  protection,  believed  to  be  novel,  was 
made  in  connection  with  the  foundations  of  the  two  river  piers,  which 
were  of  masonry  on  pneumatic  caissons.  At  the  site  of  one  of  these 
piers  the  bed  of  the  river  was  about  30  ft.  below  extreme  low  water; 
at  the  other,  10  ft.  higher.  The  bed,  which  is  of  sand,  to  a  depth  of 
50  ft.,  would  scour  if  a  caisson  were  lowered  near  it;  the  scour  would 
be  greatest  at  the  up-stream  end  and  would  make  it  doubtfiil  if  the 
caisson  could  be  landed  safely  on  the  river  bottom.  To  guard  against 
this  contingency  the  chief  engineer  decided  to  protect  the  river-bed 
by  a  mattress  at  each  pier  site  before  bringing  the  caisson  into  position ; 
the  caisson  to  be  landed  upon  it  and  sunk  through  it.  The  mattresses 
for  this  purjiose  were  placed  at  both  jjier  sites  in  1889. 

The  pier  site  in  deepest  water  was  first  taken  in  hand.  The  area  to 
be  covered  was  400  ft.  square.  The  weaving  plant  provided  for  a  width 
of  240  ft.  only,  so  that  it  was  necessary  to  weave  two  mattresses  to  make 
up  the  required  width. 

The  distance  from  shore,  nearly  800  ft.,  as  well  as  the  fact  that  the 
main  steamboat  channel  was  in  this  opening,  jirechided  the  idea  of 
anchoring  tlie  mattress  and  plant, either  wholly  or  in  part,  from  the  shore; 
Bo.Kes  filled  with  stone  were  therefore  placed  in  the  river  as  anchors,  to 
each  of  which  two  manilla  lines  2  ins.  in  diameter  were  attached,  one 
leading  to  the  mooring  barge,  the  other  under  the  barge  to  the  head 
of  the  mattress.  The  mattresses  were  woven  in  the  manner  fully  de- 
scribed by  the  author.  For  the  first  mattress  the  ten  anchors  were5-ft. 
cubes  without  projections.  It  was  believed  that  they  would  sink  into 
the  bed  of  the  river  quickly  and  would  be  lu-actically  immovable. 
This  did  not  prove  to  be  the  case.  In  the  later  course  of  the  work 
box  anchors  were  repeatedly  moved  from  place  to  I'laf^?  ftntl  there 
was  no  apparent  difficulty  in  lifting  them  other  than  that  due  to  their 

weiglit. 

When  the  weaving  t)f  the  first  mattress  was  completed  it  was  loaded 
evenly  with  roi-k  (lutil   it  burely  fioated;  tlie  uit-strraui  end  was   eon- 
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nected  to  the  anchors,  as  already  stated.  h\  lines  passing  under  the  Mr.  Xoble. 
mooring  barges.  Diiring  construction  it  was  held  up  to  the  surface  of 
the  water  by  lines  leading  to  timber  heads  along  the  do\m-stream  side 
of  the  mooring  barges;  after  the  mattress  was  loaded  these  lines  were 
slacked  off  enough  to  permit  hauling  across  the  head  of  the  mattress 
two  barges  jjlaeed  end  to  end  and  loaded  with  rock.  When  in  position 
they  were  parallel  to  the  mooring  barges  and  immediately  below  them, 
and  connected  with  them  by  lines;  in  moving  across  the  head  of  the 
mattress  enough  rock  was  thrown  from  the  barges  to  sink  it  as  far  as 
the  lines  would  i^ermit,  and  sufficiently  to  allow  the  floating  of  the 
bai'ges  over  it.  "When  finally  in  position,  with  a  large  force  of  men  on 
board  to  throw  off  rock,  the  lines  connecting  the  rock  barges  and 
mooring  barges  were  slacked  off  steadily  and  iinifornily,  the  men  cast- 
ing rock  on  the  mattress  as  rapidly  as  possible  while  the  current 
carried  the  rock  barges  over  it.  When  about  one-third  of  the  mattress 
had  been  passed  over,  the  lines  joining  the  mattress-head  to  the  moor- 
ing barges,  then  severely  strained,  were  cast  loose  simtiltaneously,  and 
the  head  began  to  sink  to  the  bed  of  the  river,  swinging  on  the  anchor 
lines,  the  down-stream  end  of  the  mattress  still  floating,  being  not 
fully  loaded.  As  the  head  sank  the  mattress  offered  increa.sing  ob- 
struction to  the  curi'ent  and  before  it  reached  the  river  bed  in  40  ft.  of 
water,  the  anchors  began  to  drag  and  mattress  and  fleet  moved  down 
the  river.  When  the  head  of  the  mattress  reached  the  river-bed  it  in- 
creased the  eflective  anchorage  and  the  movement  stopped;  the  current 
quickly  forced  the  down-stream  end  under  water,  even  before  the  rock 
barges  had  reached  it.  The  whole  operation  of  sinking  had  occupied 
le.ss  than  six  minutes.      The  movement  is  shown  very  well  in  Plate 

VI,  Figs.  1  and  2,  which  are  taken  from  the  same  point,  the  former 
before  the  movement  commenced,  the  latter  when  it  had  stopjjed.  The 
entire  movement  was  130  ft.,  and  the  head  of  the  mattress  was  only  80 
ft.  above  the  center  of  the  pier  site  instead  of  upward  of  200  ft.  as  in- 
tended. The  question  arose  at  once  whether  it  would  be  necessary 
to  sink  an  additional  mattress  over  the  portion  of  the  area  intended  to 
be  protected,  but  still  left  uncovered.  Inasmuch  as  the  pier  site  would 
be  actually  jjrotected,  and  as  the  stage  of  the  river  was  low,  with 
prospects  of  a  continiiance  of  the  low  stage,  and,  fiirthermore,  as  the 
season  was  growing  late,  while  much  work  of  this  kind  remained  to  be 
done,  the  question  was  decided  in  the  negative.  The  building  of  the 
second  mattress  was  then  commenced  according  to  the  original  i)lan. 
The  anchors  were  increased  in  size  to  6-ft.  cubes;  frames  were  made 
for  the  top  and  bottom  of  any  convenient  timber,  usually  6  x  8-in.  oak, 
to  which  the  ]>lank  lining  was  spiked,  the  ends  of  the  timbers  project- 
ing 10  to  20  ins.  to  give  a  better  hold  on  the  ground,  as  shown  in  Plate 

VII,  Fig.  1.  W^hen  the  next  mattress  was  sunk  the  anchors  pulled 
slightly,  and  one  or  two  of  the  lines  broke,  showing  that  the  resistance 
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Mr.  Noble,  of  tlie  anchors  was  very  uearly  equal  to  the  strength  of  the  lines.  The 
mattress  was  i^laeed  at  almost  exactly  the  spot  desired;  the  caisson  for 
the  pier  was  then  placed  in  position  and  landed  safely  upon  the  mattress 
without  special  incident. 

On  account  of  the  lateness  of  the  season,  it  was  decided  to  place  a 
single  mattress,  240  x  400  ft. ,  at  the  site  of  the  remaining  pier.  This 
was  done  without  difficulty,  but  after  anchoring  the  caisson  at  the  site 
a  sharp  rise  of  the  river  occurred,  reaching  a  23-ft.  stage,  and  the  veloc- 
ity of  the  current  became  nearly  5  miles  per  hour.  While,  the  floating 
caisson  was  being  built  up  and  filled  with  concrete,  the  water  was 
driven  under  its  uj^-stream  end  with  great  force,  and  a  scour  of  4  or  5 
ft.  occurred  through  the  mattress,  showing  that  for  those  conditions  the 
protection  was  imperfect.  The  mattress  answered  its  purpose,  how- 
ever, and  after  landing  there  «as  no  difficulty  in  leveling  the  caisson 
and  sinking  it. 

While  this  caisson  was  afloat  the  strength  of  the  anchorages  was 
severely  tested.  The  anchor  lines  were  steel  wire  cables  1}  ins.  in 
diameter,  and  were  attached  generally  to  boxes  of  7  ft.  cube,  similar 
in  construction  to  those  described.  In  adjusting  the  strains  on  the 
anchor  lines  they  were  frequently  pulled  with  a  2-in.  diameter  manilla 
Line  rove  in  triple  blocks,  T\^th  the  fall  carried  to  a  winch  head  on  an 
ordinary  Mundy  hoisting  engine.  In  order  to  get  the  strain  desired,  it 
was  customary  to  take  a  run  with  the  engine,  then  tighten  the  line  on 
the  winch  and  stall  the  engine.  None  of  these  anchors  yielded  under 
this  severe  jjull.  The  anchors  were  sunk  in  about  30  ft.  of  water,  and 
the  anchor  lines  were  800  to  1  000  ft.  long. 

The  piers  of  this  bridge  are  founded  in  a  hard,  compact  clay,  un- 
derlying about  50  ft.  of  sand,  and  would  doubtless  carry  safely  the  load 
imposed  if  the  sand  were  scoured  away  ;  but  obviously  if  the  scoiir 
could  l)e  prevented  and  the  frictional  resistance  of  tlie  sand  made  avail- 
able for  resisting  settlement,  the  factor  of  safety  would  be  increased. 
Furthermore,  while  the  danger  of  scouring  under  the  foundations  in 
this  material  is  exceedingly  small,  still  an  appreciable  degree  of  secur- 
ity would  be  added  if  scour  were  prevented  ;  the  mattresses  just 
described  would  accomi)lish  this  so  long  as  they  were  preserved  intact, 
but  some  doubt  was  felt  in  regard  to  this,  because  they  had  been  sub- 
jected to  very  severe  usage.  In  the  main  channel  the  velocity  of  the 
current  had  reached  8  miles  per  hour,  and  soundings  showed  that 
the  edge  of  the  mattress,  if  still  in  place,  had  been  sunk  about  20  ft.  by 
under- cutting.  For  this  reason  it  was  thought  best  to  sink  a  new  mat- 
tress at  eacli  i)ier,  and  to  load  it  very  heavily  witli  large  stone;  these 
mattresses  were  built  in  the  same  manner  and  with  the  same  i)lant  as 
before,  except  that  the  two  weaving  boats,  instead  of  being  placed  to- 
gether, end  to  end,  were  sei^arated  by  an  interval  of  20  ft.,  which  was 
closed  by  a  temi)orary  staging.     Wlicii  the  mattress  was  woven  down- 
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stream  to  the  pier,  the  staging  was  removed  until  the  pier  had  been  Mr.  Noble, 
passed.  In  this  manner  a  continuous  mattress  was  made  at  each  pier 
260  ft.  wide  by  400  ft.  long,  with  a  hole  in  the  center  just  large  enough 
to  enclose  the  jjier.  The  view  shown  in  Plate  VII,  Fig.  2,  was  taken 
while  the  staging  was  removed  and  the  weaving  barges  were  passing  the 
pier.  After  being  sunk,  the  mattresses  were  covered  with  heavy  quarry 
rock,  running  uji  to  2  or  3  tons  in  weight,  to  a  depth  of  upwards  of  o  ft. 
at  the  i^iers,  and  tapering  oft'  to  1  ft.  at  the  edges  of  the  mattresses. 
Soundings  along  the  bridge  line,  which  are  still  made  regularly,  indi- 
cate that  this  work  is  at  yet  uninjured. 

The  average  cost  of  the  mattress  work  at  the  Memphis  Bridge  jjer 
square  of  100  sq.  ft. ,  not  including  the  heavy  riprap  at  the  piers,  was 
as  follows  : 

1 . 1  Cords  of  britsh  and  poles §1  56 

11 . 1  Lbs.  wire  and  wire  cables   46 

1 . 1  Tons  riprap 1  53 

Sundry  materials 09 

Plant  \ 1  90 

Labor 2  43 

Cost  per  square §7  97 

The  large  cost  of  plant  is  noticeable.  A  part  of  the  floating- 
equipment  was  not  required  for  other  work,  and  was  wholly  charge- 
able to  this  account,  while  a  considerable  i:)ortion  was  charged  in  part 
to  other  accounts.  On  the  other  hand,  the  plant  was  in  use  only  two 
or  three  years ;  some  of  it  was  built,  the  remainder  was  bought  at 
market  rates,  and  at  the  end  of  the  work  all  of  it  was  sold  at  low  prices 
as  quickly  as  possible  to  avoid  maintenance  charges,  the  conditions 
being  iiractically  those  of  a  forced  sale.  The  cost  of  plant  was,  there- 
fore, probably  greater  than  on  bank  revetment  work  done  by  the 
United  States  Government.  The  figures  cover  every  item  of  expendi- 
ture, excejjt  engineering  expenses,  which  would  not  exceed  2  or  3  per 
cent. 

H.  St.  L.  Coppee,  M.  Am.  Soc.  C.  E. — The  difference  in  conditions  Mr.  Copp6e. 
existing  in  this  country  and  Europe  are  quite  marked.  In  the  latter, 
as  Mr.  Starling  states,  the  T»rush  has  to  be  cultivated  with  consider- 
able trouble  and  care,  while  here  in  si)ite  of  the  constant  denudation 
for  the  purpose  of  revetment,  the  bars  still  contain  sufficient  quanti- 
ties to  supply  the  demand,  a  continual  natural  growth  replacing  that 
destroyed.  Mr.  Starling's  explanation  of  the  manner  in  which  the 
bank  caves  where  uu])rotected  is  undoubtedly  correct,  but  his  state- 
ment that  the  scour  at  the  bottom  of  the  slope  beyond  the  mattress 
will  not  be  augmented,  is  considered  incorrect  by  the  author  for  the 
following  reasons  : 
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Mr.  Coppee.  When  the  bank  is  unprotected  aud  irregular,*  the  force  and  velocity 
of  the  current  is  decreased,  not  only  by  the  loss  of  energy  expended  in 
reducing  the  bank,  but  also  by  its  endeavor  to  carry  in  suspension  a 
large  amount  of  the  abraided  material.  If  the  bank  in  the  bend  is 
jn-otected  with  a  smooth  continuous  revetment,  there  will  be  less  ob- 
struction to  the  general  flow,  aud  consequently  greater  velocity  ;  and 
the  transverse  and  downward  currents  near  the  shore  will  act  with 
greater  freedom  and  force.  In  other  words  the  currents  will  be 
stronger,  and  as  the  scouring  force  increases  with  the  square  of  the 
velocity,  the  abrasion  will  be  greater  at  the  foot  of  the  slope  where  the 
bank  is  susceptible. 

In  regard  to  the  point  of  beginning  for  extensive  reaches  of  protec- 
tion work,  though  in  Greenville  Harbor  it  was  selected  at  the  lower 
end  where  the  caving  was  most  rapid,  and  carried  up  stream,  no  rule 
has  been  made  other  than  the  general  principle  now  adopted  of  com- 
mencing the  work  at  the  point  where  the  caving  is  greatest  and  work- 
ing u])  or  down  stream  as  would  seem  most  advisable  under  the  exist- 
ing conditions,  depending  on  the  existence  in  the  reach  of  other  revet- 
ment, the  value  of  property  to  be  saved,  etc. 

A  brush  pile  dike  somewhat  similar  to  that  mentioned  by  Mr.  Trat- 
man  as  in  use  on  the  James  River  was  constructed  at  Vicksburg  in 
1887,  for  the  purpose  of  intercepting  a  current  carrying  silt  into  the 
harbor.  The  materials  of  construction  were  timber  piles,  brush,  poles, 
wire  spikes  and  rock.  A  mattress  dike  was  built  in  the  Plum  Point 
Reach,  near  Gold  Dust  Landing,  Tenn.,*  not  unlike  those  used  on  the 
James,  where  pile  driving  was  impracticable. 

Suspended  screen  mats  and  curtains  have  been  used  in  this  country 
on  the  Missouri  and  Mississippi  Rivers.  On  the  lower  reaches  of  the 
latter  river  they  were  not  generally  successful  in  causing  accretion. 

The  author  did  not  intend  to  create  the  impression  that  woven  mats 
were  not  considered  of  value  at  many  points,  because  they  were  aban- 
doned in  the  more  exposed  reaches  for  the  fascine  type  of  subaqueous 
revetment.  On  the  contrary,  there  are  many  localities  and  many  rivers 
in  which  their  use  is  the  best  of  practice. 

Mr.  Price  is  mistaken  in  supposing  the  cause  of  failure  of  spur 
dikes  or  submerged  spurs,  where  such  occurred  in  the  upper  districts, 
to  have  been  due  to  defective  design  or  weak  construction.  In  every 
instance  of  which  the  author  has  record,  the  fault  has  been  in  the 
weak  soil,  strong  currents,  great  oscillation  of  the  water  surface  chang- 
ing the  i)oint  of  attack,  etc.  A  si)ur  constructed  under  the  direction 
of  the  author  at  Greenville,  Miss.,  in  IKS"),  at  the  head  of  a  system 
about  a  mile  in  length,  was  flanked  aud  undermined  by  the  current, 
but  not  destroyed,  remaining  intact,  the  river  cutting  a  new  channel 
behind  it.     In  the  Third  District  and  Carrollton  bends,  Now  Orleans 


•  Bee  tbe  "  Keport  of  the  Chief  of  Engineers. "  U.  ».  Army,  1894,  p.  3890. 


CORRESPOXDEXCE    OX    BAXK    KEVETMEXT.  239 

Harbor,  caving  took  place  iu  tlie  intervals  between  tlie  dikes.     This  Mr.  Corpse. 
may  have  been  due  to  insufficient  width  of  apron  and  length  of  dike, 
but  it  caused  the   following  expression  of  opinion  bv  the  officer  iu 
charge : 

"  Spur  dikes  without  intermediate  revetment  have  been  successful 
in  some  straight  reaches  and  on  concave  banks  of  large  radius,  but  iu 
the  abrupt  bends  the  dikes  alone  are  only  locally  effective." 

In  mattress  construction  Mr.  Price  lays  great  stress  on  the  supposed 
weakness  of  the  wire  fastenings,  and  does  not  account  for  the  effect  of 
the  large  mass  of  stone  covering  the  submerged  structure.  Where  the 
mattresses  are  i^laced,  as  a  rule,  there  is  but  a  small  amount  of  tine 
sand  and  no  coarse  sand  in  suspension  in  the  water  to  cause  abrasion. 
The  deterioration  from  oxidation  is  probably  not  as  great  on  the  sub- 
merged as  on  the  ujjper-bank  work.  The  author  has  examined  old 
revetment  in  which  the  wire  was  intact  that  had  been  subjected  to  a 
constant  and  strong  current  for  over  ten  years. 

Though  it  is  the  general  opinion  that  the  fascine  mat  is  more  flexible 
than  the  woven  or  frame  mat,  it  is  not  so  much  to  its  flexibility,  but 
rather  to  its  imper^-iousness  and  its  greater  strength  that  is  attributed 
its  vast  suiieriority  over  other  forms.  The  framed  jjin  and  jiole 
structure  used  under  the  sjiurs  at  New  Orleans,  and  in  the  .sill  at  Ked 
Biver,  would  hardly  stand  the  strains  in  sinking  to  which  the  fascine 
form  is  subjected. 

Mr.  Xoble  desci'ibes  the  use  of  large  mattresses  in  a  manner  not 
generally  familiar  to  river  engineers  ;  that  is,  as  the  foundation  at  flrst 
and  afterward  the  protection  of  the  caisson  on  which  a  bridge  pier  was 
constructed.  In  river  work  it  is  not  often  necessary  to  sink  mattresses 
in  the  bed  of  the  stream  far  distant  from  the  bank,  but  when  it  is,  the 
method  ado])ted  by  Mr.  Noble  is  generally  followed,  large  wooden  frame 
and  rock  anchors  being  used  in  place  of  shore  fastenings. 

The  cost  of  jjlant,  interest,  deterioration,  etc.,  was  not  given  in  the 
paper,  because,  though  the  value  of  the  individual  pieces  of  floating 
property  could  be  readily  ascertained,  they  are  so  differently  dis- 
tributed between  different  portions  of  the  work  in  one  season  that  it  is 
practically  impossil)le  to  tell  what  to  charge  to  the  different  localities. 
The  following  list  gives  the  pieces,  with  their  approximate  fii'st  cost, 
used  by  a  bank  i)rotectiou  party : 

1  Steamboat,  200  tons,  engine  17  x  6  ins.,  approximate  dimen- 

sions, 130  X  25  X  5  ft .S20  000 

2  Mattress  barges,  160  x  32  x  o  ft. ,  each 4  .jOO 

2  Mooring  barges,  100  x  30  x  5  ft.,  each -4  000 

8  Brush  liarges,  120  x  30  x  0  ft.,  250  cords  capacity,  each 3  0(X) 

8  Stone  barges,  120  X  30  X  G  ft.,  350  yards                  "          3  000 

2  Line  barges,  75  x  15x4  ft. ,  each 1  000 
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Mr.  Coppee.  2  Quarter  boats  and  outtit,  120  x  23  x  5  ft.,  capacity  150  men, 

each S4  000 

1  Small  office  quarter  boat 2  000 

1  Hvdraiilic  grader,  including  all  hose  and  fixtures 20  000 

6  Skiffs,  each 20 

The  number  of  stone  and  brush  liarges  necessary  is  governed  by  the 
distance  to  point  of  suj^ply.  The  cost  of  lines  and  cables  and  the 
number  required  are  too  variable  for  estimation  within  reasonable 
limits. 
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WITH  DISCUSSIOX. 

The  experiments  here  described  were  made  in  1894-95  on  the  Kose- 
mary  inverted  siphon,  a  part  of  the  Sudbury  Aqueduct  supplying  the 
city  of  Boston  with  water.  As  the  pipes  had  been  in  use  sixteen  years 
it  was  thought  that  it  would  be  of  value  to  determine  how  much  their 
capacity  had  been  diminished  by  the  increased  friction  due  to  the 
incrustation  of  the  interior  surfaces.  A  series  of  exjiei-iments  was  plan- 
ned in  1S93,  Ijut  it  was  not  until  September,  1894,  that  all  the  prejiara- 
tions  were  completed,  the  weirs  and  piezometers  erected,  and  the 
experiments  begun.  Many  delays  and  difficulties  were  encountered 
from  the  fact  that  much  of  the  work  had  to  be  done  inside  the  aque- 
duct, which  was  in  regular  service,  so  that  the  flow  could  be  stopi^ed 
only  for  short  intervals. 

Description  of  the  Siphon. — The  Sudbury  Eiver  Aqueduct  is  17.4 
miles  long,  and  for  the  gi-eater  i)art  of  its  length  it  is  7  ft.  8  ins.  high  and 
9  ft.  wide.    At  a  distance  of  11.7  miles  from  its  head  at  Framiugham  the 
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water  is  carried  across  the  valley  of  Rosemary  Brook  through  two  48- 
in.  cast-iron  mains,  1  800  ft.  long,  laid  side  by  side  on  a  straight  line 
in  plan,  and  descending  gradually  into  the  yalley  to  a  gra^e  about  48 
ft.  below  the  bottom  of  the  aqueduct,  forming  an  inverted  siijhon  (see 
l^rofile,  Fig.  1).  The  changes  of  gradient  are  made  with  vertical  curves. 
The  ends  of  the  jjipes  are  furnished  with  gate-chambers  covered  with 
substantial  masonry  buildings.  The  pipes  were  laid  in  1877,  and  were 
first  put  into  service  in  1878;  they  were  of  the  usual  hub  and  spigot 
form,  cast  in  lengths  of  12  ft.  The  pipes  were  coated  with  Dr.  Angus 
Smith's  coal-tar  preparation.  The  joints  were  well  made.  Tavo 
diameters  were  measured  at  each  of  37  stations;  the  mean  diameter 
thus  obtained  was  3.998  ft.,  taken  as  4  ft.  An  attempt  was  made  to 
figure  the  diameter  by  filling  the  pipe  with  water  which  was  first 
passed  over  a  small  standard  weir.  It  was  found  impossible  to 
arrive  at  as  correct  a  result  by  this  method  as  by  measiirements 
of  the  liipe. 

Before  beginning  the  experiments,  photographs  wore  made  by  flash 
light  of  the  interior  of  the  pipes  showing  the  tuberculated  surfaces. 
Two  of  these  photographs  are  reproduced  on  Plate  VIII,  Figs.l  and  2. 
It  was  estimated  that  the  tubercles  covered  nearly  one-third  of  the 
interior  surfaces,  the  bottom  being  more  thickly  incrusted  with  them, 
while  the  tops  and  sides  of  the  pipes  were  cleaner. 

Scheme  of  Experiments. — The  losses  of  head  were  measured  as  near 
the  extremities  of  the  pipe  as  it  was  wise  to  place  the  piezometers,  and 
in  two  ways,  first,  by  a  set  of  inezometers  screwed  into  the  pipes,  and 
second,  by  tube  gauges  placed  lengthwise  on  the  bottom  of  the  pipes 
and  connecting  with  lead  pipes  extending  out  of  the  open  ends  to 
gauge  chambers.  The  former  method  was  more  elaborately  carried 
out  and  was  considered  the  principal  one.  The  latter  had  been  adopted 
by  F.  P.  Stearns,  M.  Am.  Soc.  C.  E.,  in  his  experiments  at  the  .same 
place,  and  by  using  it  in  addition  it  was  expected  that  a  valuable  check 
on  the  results  would  be  secured. 

It  was  found  impossible  to  arrange  a  weir  measurement  in  the  aque- 
duct near  the  siphon  which  would  admit  of  a  greater  velocity  than 
about  3.7  ft.  per  second  through  one  pipe.  It  was  therefore  determined 
to  measure  the  flow  up  to  this  velocity  through  each  pipe  in  turn;  then 
to  scraije  all  the  tubercles  from  one  })ipe  and  experiment  again  upon 
the  pipe  as  cleaned;  then  to  erect  two  weirs  at  the  terminus  of  the 


PLATE   VIII. 
TRANS.  AM.  SOC.   CIV.   ENQRS. 
VOL.  XXXV,  No.  776, 
FITZGERALD  ON   FLOW  OF  WATER   IN  PIPES. 


FIG.  1. 


FlQ.  2. 


FITZGERALD   OX   FLOW    OF   WATER   IX    PIPES. 


243 


"244  FITZGERALD    ON   FLOW    OF   WATER   IN    PIPES. 

•aqueduct  at  Chestnut  Hill  Reservoir  about  5.3  miles  distant,  and  con- 
nect the  weir  measurement  at  the  siphon  with  the  weir  measurement 
at  the  terminal  chamber  bv  means  of  an  extended  series  of  observations 
which  would  give  a  comparison  between  them  at  different  rates  of  flow 
up  to  about  45  cu.  ft.  per  second.  The  siphon  weir  was  then  to  be 
taken  out  in  order  to  secure  as  high  a  velocity  as  possible  in  one  pipe, 
the  discharge  being  measured  by  means  of  the  weirs  at  the  terminal 
chamber. 

This  general  programme  was  carried  out.  The  new  weii-s  of  course 
lield  back  the  water  in  the  aqueduct,  and  it  required  a  careful  adjust- 
ment of  the  hydraulic  gradient  to  arrange  for  the  desired  flow;  but 
the  coefficient  of  friction  of  the  aqueduct  was  well  known,  as  was  the 
.approximate  coefficient  of  the  pipes  after  the  first  series  of  experi- 
ments had  been  completed.  Observations  Avere  begun  on  Sei^tember 
4th,  1894,  ui)ou  the  south  pipe,  tuberculated,  and  were  continued  on 
this  pipe  at  various  times  up  to  and  including  October  6th.  Veloci- 
ties ranged  from  about  3.5  ft.  per  second  to  rather  less  than  0.5  ft. 
per  second,  and  the  experiments  were  generally  repeated  several  times 
for  each  velocity.  On  October  18th  the  flow  was  changed  to  the 
north  pipe,  tuberculated,  and  this  pipe  was  experimented  upon  with 
the  same  series  of  velocities  as  the  south  pipe. 

The  north  pipe  was  cleaned  November  12th,  13th,  14th  and  15th  by 
removing  the  tubercles  completely  from  the  interior.  A  photograph 
was  then  taken  of  the  surface  as  cleaned  (see  Plate  IX).  It  was  found 
possible  to  remove  tubercles  without  injuring  materially  the  original 
coating  underneath  them,  and,  as  will  be  seen  by  an  examination  of 
Plate  IX,  the  original  condition  of  the  pipe  was  practically  restored. 
The  tubercles  generally  had  central  points  or  very  small  spots  of 
attachment  to  the  iron  of  the  pijies.  At  these  points  the  coating  was 
lacking  of  course  ;  but  around  them  the  tubercles  sjiread  over  the 
surface  of  the  coating,  which  remained  in  fair  condition  beneath. 
The  original  capacity  of  the  pipe  to  i)ass  water  iinder  a  given  head 
was  nearly  restored,  the  increase  amounting  to  30)'o  at  ordinary  vel- 
ocities. This  was  accomjilished  at  small  expense.  There  were  22  619 
sq.  ft.  of  surface  scraped,  swept  and  cleaned,*  with  57  days'  labor, 
the  space  cleaned  jjor  man  per  day  l)eing  390  sq.  ft.  of  surface, 
or  about  32  liu.  ft.  of  pipe.  The  labor  was  subdivided  as  follows: 
32   days   scraping   tubercles;    21    days    sweeping    and    washing    the 


PLATE  IX. 
TRANS.  AM.  SOC.  CIV.  ENQRS. 
VOL.  XXXV,  Nc.  776. 
FITZGERALD  ON   FLOW  OF  WATER   IN   PIPES. 


FITZGEKALD    OX    FLOW    OF   WATER    IX    PIPES. 


245 


246  FITZGERALD    ON    FLOAT    OF    WATER    IX    PIPES. 

pipe,  and  4  days  wheeling  material.  The  scraping  for  a  w-idth  of 
2  ft.  at  the  bottom  was  done  with  old  round-pointed  iron  shovels  ; 
for  the  rest  of  the  pipe  with  wooden  scrapers  made  of  oak,  great 
care  being  taken  not  to  disturb  the  tar  coating.  About  two  cart- 
loads of  tubercles  were  taken  out,  beside  what  was  flushed  out  of 
the  blow-oflfs. 

Beginning  on  November  30th,  the  experiments  were  continued  on 
the  cleaned  north  pipe  at  velocities  ranging  from  3.6  to  less  than  0.5 
ft.  per  second.  Early  in  November  the  terminal  chamber  weirs  were 
erected  and  compared  with  the  siphon  weir  (see  Table  No.  5),  after 
which  the  siphon  weir  was  removed  and  experiments  were  resumed 
on  the  cleaned  north  pipe,  and  extended  to  velocities  of  7.25  ft.  per 
second,  which  was  the  largest  amount  of  water  that  it  was  practi- 
cable to  i^ass  through  one  i^ipe.  On  January  23d,  1895,  the  experi- 
ments at  high  velocities  on  the  south  pipe,  tuberculated,  were  com- 
pleted, but  it  was  found  practicable  only  to  carry  these  velocities  to 
5.5  ft.  per  second. 

The  piezometer  observations  are  recorded  in  Tables  Nos.  3  and  4, 
the  former  including  those  piezometers  only  which  were  screwed  into 
the  sides  of  the  pipes,  and  the  latter  the  tube  piezometers  lying  on  the 
bottom  of  the  pipes. 

Measuring  Apparatus  at  the  Siphon  Chambers. — The  sij)hon  chambers, 
as  may  be  seen  in  Figs.  2,  4,  8  and  9,  are  built  so  that  a  third  48-in.  ]>ipe 
can  be  added  in  the  future.  It  was  determined  to  use  the  compart- 
ments provided  for  this  third  pipe  as  gauge  chambers.  They  were 
made  i)erfectly  tight  by  means  of  double  sets  of  stojj-planks  with  pud- 
dle tilling.  The  tube  gauges  were  led  into  these  compartpaents,  and 
in  the  case  of  the  east  siphon  chamber  a  pipe  from  the  weir  was  car- 
ried into  the  same  compartment  to  a  small  gauging  box  to  which 
a  hook-gauge  was  adjusted.  Great  care  was  taken  to  have  these  iiipes 
rise  by  uniform  grades  to  their  gauges,  and,  where  a  summit  was 
unavoidable,  to  i)ut  in  a  vent  pipe  carried  above  the  water-level. 
In  this  way  serious  errors,  which  are  often  made  in  the  readings 
of  piezometers  and  weir  gauges,  due  to  collections  of  air,  were 
avoided.  The  lengths  of  pipe  under  observation  were  1  748.1  ft. 
of  the  north  pipe  and  1  747.96  ft.  of  the  south  pipe,  those  being  the 
distances,  referred  to  the  axes  of  the  pipes,  between  the  middle  points 
of  the  brass  tubes. 
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Piezometers.— The  piezometers  that  were  screwed  into  the  pipe  from 
the  outside  were  arranged  in  the  following  manner:  A  point  was  se- 
lected at  the  west  end  of  the  siphon  sufficiently  remote  from  the  en- 
trance of  the  pipe  to  allow  the  water  to  attain  regular  motion.  This 
was  151.41  ft.  from  the  upper  end  of  the  pipe.  The  east  piezometers 
were  inserted  at  38.07  ft.  from  the  lover  end.  The  distance  between 
these  points,  measured  along  the  axis  of  the  pipe,  was  1  615.7  ft. 
Four  openings  were  made  in  each  pipe  at  each  of  these  points  (sixteen 
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holes  in  all),  and  as  the  welfare  of  the  city  depended  upon  the  main- 
tenance of  the  flow,  sleeves  were  first  put  around  the  pipes  where  the 
holes  were  to  be  made.  A  tool  was  devised  by  which  3-in.  holes  were 
bored  through  the  sleeve  and  pipe  at  the  four  points  of  section,  as 
shown  in  Fig.  5. 

Into  these  holes  piezometers  were  inserted  and  secured,  so  that  the 
axes  of  the  tubes  were  at  right  angles  to  the  direction  of  the  flow. 
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These  connections  were  accurately  flnislied  to  the  curvature  of  the  pipe. 
They  can  be  tlistingiiished  in  Plate  YIII,  Fig.  2.  The  incrustation  was 
removed  from  the  interior  of  the  pipe  around  the  place  of  attachment, 
so  that  this  portion  of  the  surface  was  smooth.  Into  the  outsides 
of  these  piezometer  connections  1-in.  corporation  cocks  were  fitted 
to  which  lead  pipes  were  soldered.  These  lead  pipes  from  opposite 
sides  of  the  4:8-in.  pipes  were  connected  in  pairs  and  then  carried 
to  the  gauges,  which  were  conveniently  located  for  reading  the 
extreme  variations  of  head,  and  were  provided  with  shelters  for 
the  observers.  Care  was  taken  to  have  no  summits  or  depressions 
on  these  i:)ipes. 

Tube  Piezometers. — The  tube  piezometers  which  lay  in  the  pipes 
were  of  f-in.  brass  tubes,  pierced  by  14  -iVin.  holes,  spaced  6  ins. 
apart  on  centers.  The  tubes  were  closed  with  pointed  oak  plugs  and 
were  secured  to  the  bottoms  of  the  pipes  and  the  spaces  about  the 
tubes  filled  with  Portland  cement. 

Gauges. — Each  shelter  contained  a  gauge  arranged  as  shown  in  Figs. 
14  and  15.  This  gauge  was  set  for  reading  the  two  glass  tubes 
containing  the  water  columns,  which  were  al)ont  1  in.  in  internal  diame- 
ter. These  glass  tubes  could  be  connected  with  the  lead  piijes  from 
either  of  the  48-in.  jjipes  as  desired.  Behind  the  glass  tubes  were  brass 
pipes  for  the  verniers  to  slide  ui)on.  The  scales  were  specially  graduated 
by  Gurley,  and  the  verniers  were  made  by  Buflf  &  Berger.  The  read- 
ings were  recorded  to  thousandths  of  a  foot.  The  lead  pipes  were  fur- 
nished with  stop  and  waste  cocks,  both  at  the  connections  with  the 
48-in.  pipes  and  at  the  bottoms  of  the  gauges,  so  that  the  observers 
could  frequently  test  the  water  columns,  to  make  sure  that  they  were 
free  from  obstructions. 

Weir  at  the  Siphon. — The  general  arrangement  of  the  weir  at  the 
8il)hou  with  details  is  shown  in  Figs.  8,  9,  10,  11,  12  and  13.  It  was  5 
ft.  long,  3.04  ft.  high  and  ajiproached  by  a  channel  16  ft.  long.  It 
was  securely  built  into  the  aqueduct  and  was  tied  V)y  iron  rods  to  the 
gate-chamber,  so  that  it  could  not  move,  and  was  braced  with  heavy 
timbers  on  the  down-stream  side.  It  was  i^rovided  with  a  screen  to 
smooth  the  approach  of  the  water  to  the  weir.  The  head  was 
read  at  a  point  G  ft.  above  the  crest  by  means  of  a  brass  tube  laid 
across   tlio    channel    of    approach,    laid    fiusli    with    the   bottom   and 
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pierced  with  rg-i^-  holes  6  ins.  apart,  smootlily  finished,  and  con- 
nected with  the  measuring  chamber  as  already  described.  A  blow-oflf 
cock  at  the  gauge,  which  was  frequently  opened,  prevented  accumu- 
lations of  air. 

Careful  measurements  of  the  weir  were  made  before  each  exj^eri- 
ment,  and  changes  in  form,  due  to  swelling  or  distortion,  were  noted. 
This  is  necessary  in  the  case  of  a  wooden  weir,  for,  even  with  the  best 
of  workmanship^  changes  are  constantly  occurring.  Fig.  7  shows  an 
improved  apparatus  for  comparing  the  level  of  the  weir  with 
the  hook  gauge.  The  method  is  the  same  as  that  used  by  Messrs. 
Fteley  and  Stearns  in  theii-  weir  experiments,  but  the  apparatus 
has  been  made  more  convenient  by  the  special  ai'rangements  shown. 
The  hook  is  first  adjusted  by  a  delicate  spirit  level  to  the  level 
of  the  crest,  the  sliding  tin  box  is  then  brought  up  under  the  hook, 
the  cock  oj^ened  and  an  approximate  adjustment  made  of  the  water 
surface  to  the  level  of  the  hook,  which  is  made  complete  by  a  slow- 
motion  screw;  the  elevation  can  then  be  read  at  once  at  the  hook 
gauge  at  the  other  end  of  the  pipe  withoiit  waiting  for  wave  motions 
to  subside. 

Weirs  at  the  Terminal  Gate  Chamber. — The  Sudbury  Aqueduct  termin- 
ates at  Chestnut  Hill  Reservoir  with  a  large  stone  chamber  provided 
with  five  comjjartments  controlled  by  gates  and  stoi)-planks,  and  con- 
ducting the  water  into  the  reservoir  or  into  other  connections.  The 
two  west  compartments  connect  with  the  reservoir.  In  these,  two 
weirs  were  built,  and  the  other  connections  were  dammed  ofiF  by  clay 
dams  made  perfectly  tight.  The  west  weir  had  a  length  of  5.84  ft., 
and  the  east  weir  6.32  ft.  They  were  both  at  the  same  level  and  3.05 
ft.  high.  The  position  of  these  weirs  with  reference  to  the  flow  in  the 
aqueduct  was  peculiar.  But  satisfactory  results  were  obtained  by  ex- 
tensive screening  and  the  use  of  a  liberal  amount  of  brush  compactly 
placed,  as  shown  in  Figs.  16  and  17.  The  sheets  of  water  passing 
over  these  weirs,  with  the  largest  quantities  flowing,  were  not  jierfectly 
smooth,  but  very  nearly  so. 

Comparative  Ohservalions  hettceeti  the  Siphon  and  Terminal  Chamber 
Weirs. — The  flow  in  the  aqueduct  was  adjusted  at  3  o'clock  p.  m.  for 
the  amount  of  water  required,  and  at  10  o'clock  the  next  morning,  when 
the  water  was  flowing  uniformly  throughout  the  length  of  the  aque- 
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duct,  the  exi^erimeuts  were  begun  at  the  siphon  chamber  and  were  con- 
tinued until  2.40  p.  M. 

In  order  to  ascertain  the  time  required  for  the  water  to  pass  from 
the  weir  at  the  siphon  to  the  weirs  at  the  terminal  chamber,  floats  were 
put  into  the  water  below  the  sij^hou  weir  at  regular  intervals.  They 
were  received  at  the  terminal  chamber  at  intervals  corresponding 
almost  exactly.  Accordingly,  observations  at  the  terminal  weirs  were 
regularly  begun  when  the  jiroper  time  had  elapsed  after  the  beginning 
of  the  siphon  observations,  and  they  were  continued  for  the  same  length 
of  time  as  at  the  siphon. 

During  the  comparative  observations  care  was  taken  not  to  disturb 
the  gates  at  the  head  of  the  aqueduct,  for  it  has  been  found  that  while 
it  takes  more  than  eight  hours  for  the  water  to  travel  the  length  of  the 
aqueduct,  the  slightest  disturbance  at  the  head  gates  sends  an  advance 
wave  along  the  aqueduct  with  great  rapidity.  If  one  of  these  waves 
starts  from  the  head  of  the  aqueduct  at  the  same  time  that  a  float  is 
put  into  the  aqueduct  at  the  sijihon  chamber,  the  wave  overtakes  the 
float  before  it  arrives  at  the  terminal  chamber.  That  is  to  say,  the 
wave  travels  through  17  miles  of  aqueduct  in  less  time  tluin  the  water 
passes  along  the  last  5  miles. 

Table  No.  5  shows  the  comparisons  made  between  the  weirs  at 
siphon  and  terminal  gate-chambers. 

The  mean  ratio  of  the  discharge  (0  at  the  siphon  weir  to  the  dis- 
charge {Q)  at  the  terminal  chamber  was  0.9886,  and  all  the  discharges 
found  at  the  terminal  chamber  were  reduced  to  the  standard  of  the 
sijihon  weir  by  the  use  of  that  ratio. 

Leakage  info  the  A queduci.— The  leakage  into  the  5  miles  of  aqueduct 
was  determined  by  weir  measurements,  and  was  found  to  amount  to 
0.558  cu.  ft.  per  second. 

Levels. — The  zeros  of  the  gauges  were  set  by  very  carefxil  spirit  level- 
ing, the  probable  error  by  least  squares  being  0.002  ft.  in  the  distance 
of  1  800  ft. 

Water  Level  Ohservations. — As  a  check  on  the  spirit  leveling  the  48- 
in.  pipes  were  alternately  ftUed  with  water  and  shut  off",  so  that  the  flow 
was  stop])ed,  and  the  ek'vations  of  the  water  surfaces  were  observed  at 
both  ends  by  reading  the  gauges.  The  readings  at  the  two  ends  of  the 
pipes  were  <'(»nii)ar('(l.  and  tlicirdiffereuces  were  tabulated  and  i>h>tted. 
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All  the  differences  in  the  case  of  the  tube  piezometers  and  fully  75%"  in 
the  case  of  the  other  piezometers  were  in  the  same  direction,  whence  it 
was  concluded  that  the  zeros  of  the  gauges  had  not  been  set  at  exactly 
the  same  level.  Tables  Nos.  6  and  7  give  a  summary  of  the  com- 
parison. It  appears  from  Table  No.  6,  embracing  the  outside  piezom- 
eters, that  in  the  case  of  the  north  pipe,  the  zero  of  the  scale  at 
the  west  end  was  probably  too  low  by  0.0019  ft.,  and  that  in  the  case 
of  the  south  pipe  it  was  too  low  by  0.0020  ft.,  relatively  to  the  zeros  at 
the  east  end. 

From  Table  Xo.  7,'  it  aj^pears  that  the  zeros  of  the  west  tube 
gauge  piezometers  were  likewise  too  low  by  0.0083  ft.  in  the  case  of 
the  north  pipe,  and  by  0.0065  ft.  in  the  case  of  the  south  jiipe.  These 
gauges  had  not  been  set  with  as  great  care  as  the  outside  piezometer 
gauges. 

By  the  method  of  least  squares  it  was  found  that  the  difference 
in  elevation  between  water  surfaces  at  piezometer  gauges  could  be 
determined  from  the  means  of  all  the  water-level  observations  with  a 
IJrobable  error  much  smaller  than  the  probable  error  in  the  spirit 
leveling.  This  is  owing  to  the  very  large  number  of  readings  of  the 
water  level.  A  close  analysis  of  them  convinced  the  author  that  their 
mean  could  be  relied  upon  within  0.001  ft. 

In  the  tables  the  values  c,  and  Cj  have  been  calculated  upon  the 
basis  of  the  spirit  leveling.  In  order  to  substitute  the  relation  deter- 
mined by  the  water-level  observations,  it  is  necessary  to  make  a  slight 
correction.  The  values  as  corrected  are  given  in  the  tables,  and  marked 
c,  and  Cj.  For  ordinary  velocities  their  difference  from  c,  and  c^  is  in- 
significant. The  diagrams  (Figs.  22  and  23)  have  been  plotted,  using 
the  values  of  c,  and  c^. 

Oscillations  in  the  Isolated  Pipes. — The  comparisons  of  the  water- 
level  observations  just  mentioned  were  noticeably  different  for  dif- 
ferent times.  To  account  for  these  differences,  it  was  suggested  that 
the  effect  of  the  wind  might  cause  a  difference  in  the  jiressure  of 
the  atmosphere  between  the  two  ends  of  the  pipe.  If  atmospheric 
differences  existed,  it  was  evident  that  a  correction  on  that  account 
should  be  applied  to  the  ob8ei*ved  losses  of  head  in  the  flowing 
pipe. 

It  had  been  found  that  the  two  pairs  of  piezometers  at  the  same 
section  gave  the  same  reading,  and  that,  therefore,  the  use  of  either 
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pair  alone  was  sufficient.  Accordingly,  while  the  tube  on  one  side  of 
the  gauge  continued  to  be  used  for  a  j)air  of  piezometers  in  the  flowing 
pipe,  the  tube  on  the  other  side  of  the  gauge  was  connected  with  the 
still  pipe.  Observations  on  the  latter  were  continued  during  a  large 
portion  of  the  experimenting ;  and,  as  it  was  assumed  that  the  same 
variations  in  atmospheric  pressure  were  acting  upon  both  pijses,  it  was 
intended  that  the  results  of  each  100  minutes'  observations  of  the 
flow  should  be  corrected  by  an  amount  determined  by  the  simul- 
taneous observations  on  the  still  pipe.  The  comparative  observations, 
however,  did  not  aff'ord  a  basis  for  making  the  corrections  as  con- 
templated. 

There  apj^eared  to  be  no  correspondence  between  the  variations  in 
the  differences  of  water  level  and  the  variations  in  the  velocity  and 
direction  of  the  wind.  Moreover,  for  the  same  interval  of  time  the 
difference  of  the  readings  on  one  set  of  gauges  was  often  very  different 
from  that  on  the  other  set  of  gauges,  and  was  opposite  in  direction  in 
somewhat  less  than  25^  of  the  observations  of  the  outside  piezom- 
eters. 

The  variations  in  question  ajDpeared  to  be  due  to  an  oscillating 
movement  of  the  water  in  the  pipe.  The  period  of  oscillation  in 
the  iS-in.  pipe,  if  1  800  ft.  long,  was  found  by  calciilation  to  be  33 
seconds,  neglecting  the  effects  of  friction.  The  observed  j^eriod,  being 
affected  by  friction,  was  from  60  to  70  seconds.  The  effect  of  the 
oscillations  of  the  water  in  the  pipe  was  shown  on  diagrams  plotted 
from  special  readings  made  for  the  pur^jose  on  October  6th,  1894.  It 
was  seen  from  these  idiots  that  while  an  observer  at  one  end  of  the 
pipe  Avas  reading  the  crest  of  the  wave,  the  observer  at  the  other  end 
was  reading  the  hollow,  and  that  the  period  of  oscillation  was  so  nearly 
one  minute  that  readings  taken  at  intervals  of  two  minutes  did  not  give 
the  mean  ijosition  of  the  water  surface;  and  it  was  at  intervals  of  two 
minutes  that  the  readings  were  taken  during  all  of  the  observations  in 
the  tube  piezometers,  and  on  about  half  of  the  exi)eriments  on  the  other 
piezometers. 

Correct  results  in  such  cases  can  only  be  obtained  by  taking  the 
observations  so  often  as  to  nullify  the  effect  of  the  oscillations,  which 
is  often  imjiracticable.  The  error  was  much  smaller  in  the  case  of  the 
readings  taken  every  half  minute,  which  almost  eliminated  the  effect 
of  the  oscillations.     The  amplitude  of  the  oscillations,  as  determined 
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in  tlie  piezometric  readings,  was,  of  course,  modified  by  tlie  throttling 
at  the  gauges.  It  yva!fi  found  that  at  the  open  end  of  the  east  end  of 
the  48-in.  pipe  the  amplitude  was  about  0.03  ft.,  while  at  the  east 
piezometer  it  was  0.005  ft.  If  any  correction  were  to  be  api^lied  on 
account  of  the  oscillation,  it  would,  as  above  seen,  be  very  small,  and 
it  would  not  be  well  worth  making  where  there  exists  an  uncertainty 
nearly  as  great  arising  from  other  causes. 

It  was  found  by  experiment  that  readings  of  gauges  similar  to  those 
used  for  the  tube  piezometers  at  the  siphon  are  uncertain  to  the  extent 
of  0.002  ft.,  probably  due  to  variations  in  capillary  attraction  in 
the  i-in.  glass  tubes.  The  outside  piezometer  gauges  had  larger  glass 
tubes.  It  further  appeared  from  an  actual  test,  continued  throughout 
a  whole  day,  that  there  is  a  liability  to  errors  of  observation  in  the 
case  of  the  inezometric  readings  amounting  to  0.001  ft.,  and  to  some- 
what more  than  that  in  the  case  of  the  tube  piezometers,  which  were 
unprovided  with  verniers.  Four  series  of  observations  of  100  minutes 
each  were  made.  There  were  four  observers  employed,  two  at  each 
of  the  two  piezometer  gauges,  and  they  changed  ends  several  times 
during  the  day.  One  observer  read  the  column  on  one  side  of  the 
gauge,  and  the  other,  that  on  the  other  side.  Readings  were  taken 
every  half  minute,  the  observers  reading  simultaneously  for  half  the 
day,  and  alternately  at  quarter-minute  intervals  the  other  half  day. 
The  differences  of  one  observer  from  the  other  on  the  mean  of  100 
minutes  were  0.000.3,  0.0006,  0.0003,  0.0003,  0.0006,  0.0001,  0.0013  and 
0.0013. 

The  author  has  gone  into  this  matter  fully,  not  so  much  on  account 
of  its  value  in  determining  the  coefficients,  as  for  the  purjiose  of  show- 
ing the  refinements  to  which  these  experiments  were  carried,  and 
pointing  out  what  perplexing  sources  of  error  are  liable  to  be  encount- 
ered in  .such  work.  In  ordinary  exi^eriments  to  determine  the  losses 
of  head  it  would  be  unnecessary  to  go  to  the'  expense  of  such  fine  ap- 
paratus. 

Degree  of  Accwdcy  in  Measurements  and  Results.  —  The  approximate 
uniformity  of  the  piezometric  readings  can  be  seen  by  a  study  of 
the  tables,  which  give  the  highest  and  lowest  readings  in  the  differ- 
ent 20-miDute  intervals,  with  the  range,  which  is  generally  less  than 
0.02  ft. 

The  length  of  the  pipe  has  i)robably  been   obtained  with  a  precis- 
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ion  of  1  in  50  000,  which  is  O-OO-iOj^,  and  ^vo^^ld  equal  aboiit  0.03  ft.  in 
a  length  of  1  600  ft. 

The  accuracy  of  the  leveling  and  of  the  reading  of  the  gauges  has 
already  been  discussed.  Upon  these  elements  the  accuracy  of  the  de- 
termination of  the  loss  of  head  depends. 

The  measurement  of  the  discharge  is  probably  liable  to  an  error  of 
1%,  and,  as  the  velocities  vary  directly  as  the  discharge,  the  velocity 
is  liable  to  an  error  of  1%,  or,  say,  from  an  error  of  0.003  ft.  per  sec- 
ond for  the  smallest  velocity  to  0.07  ft.  per  second  for  the  largest. 
The  coefficient  c  is  in  error  about  1%  if  the  velocity  is  in  error  1  per 
cent. 

Formula  for  Weiis. — Much  study  was  given  to  the  question  what 
formula  to  use  in  computing  the  discharge  of  the  weirs,  and  it  was 
finally  decided  to  use  the  result  of  Bazin's  experiments,  as  best 
fitting  the  case  in  hand.  The  formula  is  Q  =  mLH\^2gH.  The 
values  of  the  coefficient  m  for  each  height  of  weir  employed  were 
tabulated  from  the  results  of  Bazin's  experiments  and  used  in  the 
computations. 

Notation. — Quantities  entering  into  the  formulas  are  expressed  as 
follows  when  English  measures  are  used  : 

I  =  friction  head  in  feet  per  foot  of  pipe. 
V  =  mean  velocity  in  feet  per  second. 
R  =  hydraulic  mean  depth  in  feet. 

Formula/or  Flow  in  Pipes. — For  the  want  of  any  really  satisfactory 
formula  to  exjiress  the  law  of  flow  in  pipes  generally,  the  familiar 
Chezy  formula,  v  =  c  iR  I)^  has  been  made  the  basis  of  study  for  these 
experiments.  In  the  pipes  in  question,  the  diameter  being  4  ft.,  R  =  l 
and  vanishes,  so  that  the  formula  becomes  v  =i  c  I^.  It  being  impos- 
sible to  assign  to  c  in  that  formula  any  one  value  which  will  fit  all 
cases,  the  attempt  has  been  made  to  find  what  ditierent  values  of  c  will 
fit  the  various  conditions  experimented  upon. 

Simple  Chizy  Formula  Sufficient  Only /or  Particular  Condition  of  Sur- 
face of  Pipe. — In  the  tubei-culated  pipes  experimented  upon,  a  constant 
value  of  108  for  c,  making  the  formula  »  =  108  /*,  fits  the  experi- 
ments well  for  all  the  heads.  The  form  r  =  100  P  is  still  easier  to 
remember,  and   is   excellent   to  express  the  fiow  through  48-iu.   pipe 
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slightly  more  tuberculated,  say  with  20  years'  seryice.  For  metric 
measures  these  formulas  become  v  =  59.63  {RIf  and  r  =  55.21  (R  I)  , 
respectively.  To  fit  the  experiments  on  the  clean  pipe  closely, 
howeyer,  different  values  of  c  are  reqviired  for  different  heads. 

The  Suhstitution  of  Kutter's  Coefficients  Adapts  the  Furmula  to  Different 

Cases  and  Particularly  to  Clean  Pipe. — In  substituting  values  for  c  the 

method  of  Kutter's  formula  is  admirable  in   that   it   takes  account 

separately  of  the  different  elements  that  modify  the  coeflBcient,  to  wit, 

the  hydraulic  mean  depth,  the  loss  of  head  and  the  condition  of  the 

surface  as  to  roughness.     The  last  is  allowed  for  by  the  introduction 

of  a  quantity,  represented  by  n,  called  the  coefficient  of  roughness. 

This  is  of  especial  importance,  it  being  found  that  the  rusting  of  the 

interior  of  a  pipe  diminishes  its  capacity  very  much,  as  already  stated 

in  the  case  of  the  Kosemary  siphon.      In  designing  works    a  large 

allowance  is  necessarily  made  for  this,  if  they  are  expected  to   last 

for  many  years.     The  coefficient  c  according  to  Kutter's  formula  fits 

well  the  experiments  on  the  clean  pipe,  taking  n  =  0.011.     The  formula 

then  becomes 

206.2  /  -f   0.00281 


1.458  7+  0.000031 


XP 


To  fit  the  experiments  on  the  tuberculated  pipe  as  nearly  as  possible 
with  Kutter's  formula,  7i  should  be  taken  about  0.014,  which  is  about 
the  same  value  that  he  uses  for  brickwork.     The  formula  then  becomes 

_     171/ +0.00281  A 

*~  1.582  7+0.0000393  " 

To  fit  what  the  author  believes  would  be  the  condition  of  a  pipe  badly 
tuberculated,  say  by  fifty  years'  service,  n  in  Kutter's  formula  should 
be  taken  as  large  as  0. 0157,  and  the  formula  would  be 

_     157  /+ 0.00281  ji 

*~  1.653  7+0.0000441   ^       ' 

This  formula  is  not  based  on  experiment. 

In  the  case  of  the  tuberculated  pipes  the  Kutter  formula  does  not 
fit  the  low  heads,  say  for  velocities  of  less  than  1  ft.  per  second.  At 
low  velocities  the  loss  of  head  due  to  friction  is  very  small  and  difficult 
to   measure  with   accuracy   relatively   to    the   magnitudes    involved. 
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Hence  the  probable  error  is  relatively  large,  and  at  the  best  the  precise 
form  of  the  curve  which  would  graphically  express  c  is  doubtful  for 
very  low  heads.  As  n  is  the  coefficient  of  roughness,  it  was  intended 
that  the  same  value  should  be  assigned  to  it  in  a  pipe  in  any  one  given 
state,  irrespectively  of  whether  the  velocity  of  the  water  running 
through  it  is  great  or  small;  an  idea  of  the  imperfection  of  the  Kutter 
formula  if  applied  to  these  experiments  may  therefore  be  obtained 
from  the  statement  that  instead  of  0.014,  as  above  mentioned  for  the 
value  of  n  for  considerable  velocities,  it  would  be  necessary  in  the 
case  of  the  Kosemary  south  pipe,  in  order  to  fit  the  Kutter  formula  for 
the  velocity  of  1.2  ft.  per  second,  to  make  n  about  0.013,  and  for  the 
velocity  of  0.7  ft.  per  second,  about  0.012. 

Formula  Chosen  /or  the  Present  Investigation. — It  was  found  that  for 
the  author's  exi^eriments  an  exponential  formula  would  tit  the  case  of 
the  tuberculated  pipe  much  better,  and  of  the  clean  pipe  somewhat 
better  than  Kutter's  formula. 

The  desired  formula  was  obtained  by  the  method  of  logarithmic 
homologues  described  by  Professor  Keynolds  in  the  Philosophical 
Transactions  of  the  Royal  Society,  London,  1883.  T6e  logarithms  of 
/were  plotted  as  abscissas,  and  the  logarithms  of  v  as  ordinates;  and 
from  drawing  straight  lines,  coinciding  as  nearly  as  possible  with  the 
plotted  points  on  these  logarithmic  diagrams,  exponents  were  obtained 
from  which  the  follow'ing  formulas  are  derived : 


North 

Pipe. 

South  Pipb. 

Cleaned. 

Tuberculated. 

Tuberculated. 

V 

1 
166  i'"^ 

170  1  ' » 

1       1 
93.86  7  '•»  R^ 

1 
99.5  I  "3 

108 

59.63  1 

1 
105.4  /*•** 

v,  feet 

V,  meters 

1        1 

The  expressions  in  the  last  two  lines  are  obtained  by  rounding  oflF 
figures  for  greater  simplicity;  they  might  be  used  as  the  basis  for 
computing  tables  if  desired. 
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The  curves  plotted  on  the  diagi-ams  of  c,  Figs.  22  and  23,  are  based 
on  calculation  from  formulas  given  in  the  first  line  of  the  preceding 
table. 

Expei-hnentx  of  Mr.  Stearns. — The  experiments  recorded  in  this  paper 
possess  an  additional  value  from  the  fact  that  the  coefl&cients  for  the 
same  pipes  when  new  were  determined  by  F.  P.  Stearns,  M.  Am.  Soc. 
C.  E.,  as  communicated  to  this  Society  in  his  i^aper  read  October  1st, 
1884* 

By  the  three  experiments  which  Mr.  Stearns  regarded  as  trustworthy 
the  coefficient  c  in  the  Chezy  formula,  v  =  c{Riy  had  values  as  shown 
in  the  second  column  of  the  table  below,  for  the  velocities  given  in  the 
first  column  respectively.  The  corresijonding  coefficients  as  deter- 
mined by  the   exjieriments    of   1894-95   in    the  clean  pipe   (tubercles 

removed)  calculated  by  the  formula  c  =  131.88  v^-^^^  (the  same  value 
''  1 

used  in  formula  166  /' "  ),  are  given  in  the  third  column. 


Velocity. 

c.  1880. 

c,  1894-95. 

«j  .738 

140.14 
142.11 
144.09 

139  94 

V .965 

141  74 

6.195 

143.16 

Conclusion. — In  referring  to  the  number  of  years  of  service  of  jjipes 
as  indicative  of  the  condition  of  the  interior  surface,  it  should  be  ob- 
served that  in  other  localities  the  effect  of  use  may  not  be  the  same  as 
on  the  Boston  Water-Works.  Many  Avaters,  for  example,  containing 
lime  produce  a  smooth  white  coating  inside  the  pipes.  It  is  greatly  to 
be  desired  that  more  accurate  observations  and  experiments  should 
be  made  as  to  how  the  frictional  loss  of  head  is  affected  by  such 
coating,  and  whether  it  becomes  further  modified  by  longer  periods 
of  service. 

The  results  herewith  presented  led  the  author  to  the  conclusion 
that  piezometric  gauges  laid  upon  the  bottom  of  a  pipe  and  those 
screwed  into  the  sides  give  equally  accurate  results  and  that  these 
piezometers  when  properly  arranged  can  be  dei:»ended  upon  as  cer- 
tainly as  can  other  hydraulic  api^liances  of  precision.  The  author 
is   particular  in   calling  attention   to  this  fact  on  account  of  slurs 


*  See  the  Tramactiom  of  the  American  Society  of  Civil  Engineers,  Vol.  xiv,  p.  1. 
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that  have   been  cast  liy  some  livdraulicians  upon  piezometric  obser- 
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DISCUSSION. 


Mr.  Gould.  E.  Sherman  Gould,  M.  Am.  Soc.  C.  E. — Siifli  elaborate  and  pains- 
taking experiments  as  those  conducted  and  described  bv  the  author 
are  of  the  highest  scientific  value.  In  the  present  case,  however,  one 
cii'cumstance  seems  to  impair  the  usefulness  of  the  results,  namely, 
that  the  line  experimented  on,  l)eing  only  about  420  diameters  in 
length,  cannot  be  classed  fairly  as  a  long  injpe.  It  is  to  be  regretted, 
also,  that  the  difference  of  level  of  the  water  surfaces  in  the  two  gate- 
houses was  not  recorded  as  well  as  that  of  the  jjiezometric  heights. 
This  would  have  been  a  valuable  addition  to  the  data. 

These  experiments  show  unusually  large  volumes  of  water  passing 
through  the  cleaned  jjipes  at  the  higher  velocities.  The  most  natural 
explanation  of  this  lies  in  the  fact  already  stated,  that  the  pipe  is  not 
really  a  long  pipe,  and  that,  therefore,  with  a  very  clean  surface  and 
relatively  steep  hydraulic  gradient,  the  interior  resistances  did  not  have 
a  chance  to  exert  their  full  influence.  It  is  to  be  feared  that  dangerous 
generalizations  may  arise  from  these  experiments,  and  the  formulas  de- 
rived from  them  may  be  used  incautiously  in  cases  to  which  they  do 
not  apply. 

As  regards  the  choice  of  a  safe,  practical  formula  for  the  flow  of 
water  through  long  pipes,  it  may  be  laid  down  as  a  fundamental  prin- 
ciple, that  it  should  conform  to  the  ordinary  requirements  of  all  prac- 
tical engineering  formulas. 

The  only  test  of  the  merit  pi  an  engineering  formula  is  whether,  in 
a  vast  majority  of  practical  cases,  it  gives  results  below  rather  than 
above  those  commonly  realized.  If  it  does  this,  it  is  a  good  formula, 
no  matter  how  it  was  derived,  whether  by  elaborate  experiment  or 
mere  guess.  Moreover,  a  safe  engineering  formula  cannot  always  be 
derived  even  from  exjieriment,  because  the  experiment  is  necessarily 
conducted  under  circumstances  which  do  not  or  may  not  exist  in 
practice.  An  elaborate  experiment  is  useful  to  establish  a  law  of 
nature,  such  as  universal  attraction  or  the  mechanical  equivalent  of 
heat,  but  it  cannot  establish  a  practical  engineering  formula.  That 
must  be  founded  upon  the  general  behavior  of  the  working  ajjparatus 
as  commonly  constructed.  In  this  case  it  is  the  apjjaratus  aboiit 
which  information  is  wanted  and  not  the  law. 

As  a  safe,  simple  and  practical  formula  for  the  flow  of  water 
through  long  pipes,  it  is  believed  that  no  other  is  so  good  as  that  of 
Darcy,  and  in  making  this  assertion,  the  perfection  of  the  experiments 
upon  which  it  is  founded  is  waived,  and  the  statement  based  entirely 
upon  the  concordance  of  its  results  with  those  realized  in  practice. 
This  formula  is  thus  expressed: 

^=  y/ DH^  C  L (1) 

Whence,  Q  =  A  ^  n  H  ^  CL (2) 
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In  these  formulas,    V  is  the  velocity  in  feet  per  second,  D  is  the  Mr.  Gould, 
diameter  of  the  pipe  in  feet,  H  is  the  total  head,  L  is  the  length  of 
pipe,  C  is  a  numerical  coefficient,  Q  is  the  discharge  in  cubic  feet  i^er 
second,  and  A  is  the  area  of  pipe  in  square  feet. 

The  coefficient  C  varies  for  clean  pipes,  from  0.00033  for  a  pipe  1  ft. 
in  diameter  to  0.00031  for  one  of  4  ft.  For  rough  pipes  the  above 
values  become  0.00066  and  0.00062  resj)ectively. 

Formula  (2)  may  be  written  thus: 

Q=  \/ 0.617  D''  H^  G  L 

If  C  in  this  formula  is  assumed  to  be  0.0003085  for  smooth  and 
0.000617  for  rough  pipes,  and  if  L  is  taken  as  1  000,  and  h  as  the  fall 
or  head  i^er  1  000,  there  results  for  smooth  pipes: 

q  =  v'^TW C3) 

D=  y  q"  -^ih (4) 

and  q  =  V'Wlt  (5) 

B='Vq^^li (6) 

for  rough  pipes.     Also 

,,      .  ,  ^=  1/3.24  i;  A ...17) 

tor  smooth  pipes,  and 

y=  V  l.mDh (8) 

for  rough  pij^es. 

It  will  be  seen  that  the  extreme  variation  between  a  smooth  and  a 
rough  pipe  is  here  assumed  as  -v/2,  or,  say,  4Q%  greater  in  the  former 
than  in  the  latter.  Or  to  state  it  in  another  manner,  the  discharge  of 
the  rough  pipe  is  0.707,  say  70%,  of  that  of  the  smooth  pipe. 

To  submit  these  formulas  to  the  only  true  test,  that  of  practical 
results,  they  may  be  compared  with  the  examples  given  by  Edmund 
B.  Weston,  M.  Am.  Soc.  C.  E.,  in  his  valuable  iiajier,  "  The  Kesults  of 
Investigations  Relative  to  Formulas  for  the  Flow  of  "Water  in  Pipes."  * 

The  examples  taken  are  for  diameters  of  12,  16,  20,  30,  36  and  48 
ins.     The  author's  observed  results  have  been  added  for  comparison. 

In  the  table  on  page  278,  the  first  column  gives  the  name  of  the 
experimeter;  the  second,  the  nature  of  the  pipe;  the  third,  the  diam- 
eter in  inches;  the  fourth,  the  fall  per  1  000;  the  fifth,  the  observed 
velocity;  and  the  sixth  and  seventh,  the  velocities  according  to  Darcy's 
simplified  formulas  for  smooth  pipes  (7)  and  rough  pipes  (8),  I'espec- 
tively.  These  two  formulas  are  interchangeable  by  the  use  of  the  co- 
efficient 1.41  or  0.707,  applied  respectively  to  the  formula  for  rough 
or  smooth  pij^es. 

It  will  be  iierceived  that  in  all  the  range  of  jiractical  examples  taken 
from  Mr.  Weston's  paper,  the  observed  velocities  lie  between  the  ex- 
tremes represented  by  formulas  (7)  and  (8). 

*  See  TramacHom,  Vol.  xxU,  p.  1. 
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On  the  other  hand,  a  marked  difference  is  observable  in  the  case  of 
the  author's  cleaned  pipes  at  the  higher  velocities,  which  greatly  ex- 
ceed the  velocities  given  by  formula  (7),  with  which,  however,  they 
nearly  agree  for  very  low  velocities  of  a  few  inches  per  second.  The 
velocities  for  the  tuberculated  pijies  fall  between  those  given  by 
formulas  (7)  and  (8),  as  might  be  ex2:>ected. 

Setting  aside  the  very  low  velocities,  due  to  falls  of  less  than  2  ins. 
per  mile,  which  are  of  little  practical  interest,  the  fact  remains  that 
out  of  a  large  body  of  actual  measurements  the  author's  smooth  jjiiies 
alone  give  results  differing  widely,  in  excess,  from  those  given  by 
Darcy's  formula  for  similar  iui)es.  Assuming  the  data  in  all  cases  to 
be  correct,  it  seems  that  the  most  reasonable  explanation  is  that  already 
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suggested,  namely,  that  the  line  was  not  sufficiently  long  for  the  full  Mr.  GoulcL 
development  of  the  resistances  of  the  interior  surface.    The  only  other 
rational  explanation  Tsould  be  an  abnormal  degree  of  smoothness  of  the 
surface,  and  either  circumstance  would  annul  the  value  of  the  experi- 
ments as  practical  guides. 

In  the  case  of  the  90-in.  brick  tunnel,  the  observed  velocity  agrees 
admirably  with  that  given  by  Darey's  formula  for  such  conduits.  This 
formula  is  conveniently  rendered — 

^^ -^Si 6.6  ig +  0.46 (9) 

in  which  R  is  the  mean  hydraulic  radius. 

This  last  formula  (9),  which  seems  to  be  justified  by  other  observa- 
tions also,  gives  higher  velocities  than  (7).  Indeed,  it  seems  reasonable 
that  a  brick-lined  conduit,  which  is  always  laid  to  a  true  descending 
grade,  with  few  bends  and  with  a  uniform  interior  surface,  should  give 
a  higher  rate  of  velocity  than  an  iron  pipe  line,  as  generally  laid. 

The  preceding  table  includes  no  diameters  below  12  ins.,  because 
from  and  even  at  that  diameter  the  coefficient  C  begins  to  increase  so 
raj^idly  that  the  simplified  formula  would  give  too  high  comparative 
velocities.  For  smaller  diameters  formiila  (1)  should  be  used,  with 
the  proper  value  for  C,  as  established  by  Darcy.  Mr.  Weston's  ob- 
servations on  a  6-in.  pipe,  given  in  his  paper  already  referred  to, 
justify  the  use  of  the  simplified  formula  for  pipes  of  this  diameter  also. 
In  the  absence  of  further  observations,  however,  it  would  be  best  to 
use  it  for  small  diameters  as  an  ajiproximation  only. 

In  view  of  the  above  facts,  it  would  ajspear  that  Darey's  formula 
for  rough  pipes  in  its  simplified  form,  given  in  equation  (6),  furnishes 
a  safe  rule  to  calculate  diameters  of  cast-iron  pipes  from  12  to  48  ins., 
and  that  no  formula  giving  smaller  diameters  should  be  trusted  for  a 
permanent  water  supply.  It  fulfils  the  essential  condition  of  all  work- 
ing engineering  formulas,  that  of  containing  a  reasonable,  but  not 
extravagant,  factor  of  safety. 
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CORRESPONDENCE. 


ErDoiiPH  Herixg,  M.  Am.  Soc.  C.  E. — No  contrilnition  of  results 
obtained  bv  actual  experiment  in  the  domain  of  hydraulic  engineering 
can  be  more  welcome  than  one  referring  to  the  discharging  capacity  of 
pipes  under  different  conditions,  on  account  of  the  money  value  which 
is  often  represented  by  them.  There  still  seems  to  be  a  lack  of  full 
appreciation  of  the  inductions  that  have  been  drawn  from  the  few  but 
well-authenticated  gaugings  which  have  been  made,  and  therefore 
more  evidence  is  needed  to  increase  confidence  in  them.  The  author 
has  rendered  a  good  service  to  the  profession  in  i^ublishing  a  detaOed 
account  of  his  late  experiments.  They  were  evidently  made  with 
much  care,  and  the  results  obtained  are  correspondingly  accurate  and 
valuable. 

It  is  the  writer's  jjurpose  to  say  a  few  words  regarding  the  latter 
part  of  the  paper,  which  is  devoted  to  an  expression  of  the  results  by 
formulas.  Such  algebraic  aids  are  often  of  great  value  to  a  practical 
engineer,  but  sometimes  they  are  the  reverse,  and,  unless  thoroughly 
understood,  are  liable,  under  the  cloak  of  apparent  exactness,  to  mis- 
reijresent  facts  and  cause  failures. 

The  author  has  made  the  simple  Chezy  formula  the  basis  of  his 
study,  to  which  the  writer  desires  to  give  a  strong  endorsement, 
not  only  because  of  its  simplicity,  but  also  because  of  its  rational  con- 
struction and  practical  usefulness.  Unfortunately  the  less  simple 
Weisbach  and  other  "2^7i"  formulas  are  still  occasionally  used 
T\-ith  api^arent  preference,  probably  because  their  theoretical  origin  is 
indicated  a  little  more  clearly  to  the  eye,  but  to  the  practical  man 
they  are  often  unnecessarily  clumsy  and  perhaps  occasionally  mis- 
leading. 

The  Chezy,  or  more  i^roperly  the  Brahms,  formula  is :  Mean 
velocity  =  c  \/r  s,  in  which  r  is  the  mean  radius,  s  is  the  sine  of  slope, 
and  the  coefficient  c,  as  originally  supposed,  was  a  constant,  and  was 
ascertained  by  exiseriment.  For  rough  results,  amply  sufficient  for 
many  cases,  this  expression  has  been  used  for  over  a  century,  Brahms 
having  first  suggested  it  in  1753.  With  the  development  of  hydraulics 
and  the  demand  for  greater  iirecision,  the  so-called  coefficient  c  was 
found  to  require  modification  when  applied  under  different  conditions. 
In  other  words,  it  was  found  by  more  extensive  exi^erience  not  to  be  a 
constant,  but  a  variable,  quantity. 

Through  the  classic  series  of  experiments  conducted  by  Darcy  and 
Bazin  in  France,  it  was  found  that  the  value  of  the  coefficient  varied 
greatly  with  the  character  or  roughness  of  the  Avetted  perimeter  and 
also  somewhat  with  the  mean  radius  of  the  section.  Humphreys  and 
Abbot,  in  their  experiments  on  the  flow  of  the  Mississii)i)i  River,  found 
that  the  coefficient  c  varied  with  the  hydraulic  slojje.    Mr.  Ganguillet, 
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city  engineer  of  Berne,  Switzerland,  and  a  capable  mathematician,  Mr.  Hering. 
suggested  an  algebraic  expression  for  the  coefficient  c  which  would 
embody  these  three  variations,  and,  together  with  Mr.  Kutter,  his 
assistant,  developed  what  is  now  known  as  the  Kutter  formula.  This 
formula,  if  applied  to  the  experiments  of  Darcy  and  Bazin,  is  found 
not  only  to  represent  them  well,  but,  on  the  average,  actually  better 
than  Darcy's  own  formula.  For  ascertaining  the  flow  of  water  in 
channels  of  regular  section  a  new  and  more  accurate  expression  was 
therefore  given  for  the  original  coefficient  c.  Its  variation  with  the 
mean  radius  and  with  the  slope  was  given  a  mathematical  form,  be- 
cause these  quantities  could  be  suitably  exi^ressed,  and  a  new  con- 
stant, the  coefficient  n,  was  introduced,  which  was  intended  to  represent 
a  certain  definite  degree  of  roughness  of  the  wetted  perimeter. 

A  much  greater  refinement  was  thus  obtained,  and  the  formula 
could  be  applied  with  greater  confidence  as  regards  the  result.  At 
first  the  authors  of  the  Kutter  formula  divided  all  possible  cases  into 
classes  or  categories  (as  did  Darcy  and  Bazin),  and  suggested  six  dif- 
ferent values  for  the  coefficient  of  roughness  w,  beginning  with  smooth 
cement  or  planed  boards  and  ending  with  streams,  the  beds  of  which 
were  covered  with  detritus  and  aquatic  j^lants.  Later  these  six  classes 
were  given  up.  The  advantages  of  this  new  formula  were  grasped 
quickly  by  the  engineering  profession,  and  it  gradually  supplanted 
the  old  formulas  for  general  use. 

In  recent  years,  however,  through  the  further  development  of  en- 
gineering science,  the  demand  for  greater  refinements,  for  greater 
economy  in  getting  better  results  with  less  expenditure  of  money,  has 
i:)ut  the  Kutter  formula  in  a  similar  position  to  that  occuiiied  l)y  the 
Chezy  formula  thirty  years  ago.  The  coefficient  n,  which  was  first 
considered  to  be  a  constant  quantity,  and  which  roughly  can  be 
properly  considered  as  such,  is  also  found  to  vary,  though  between 
much  smaller  limits  than  the  original  coefficient  c. 

To  illustrate  this  statement  by  the  simile  of  a  decimal  fraction, 
suppose  the  Chezy  formula  gave  results  that  could  safely  be  exj^ressed 
by  units  only,  the  greater  refinement  of  the  Kutter  formula  gave  results 
which  could  be  safely  ex^jressed  in  tenths  of  a  unit.  At  the  jn-esent 
time  there  seems  to  be  need  of  a  formula  which  will  give  safe  results 
in  hundredths  of  a  unit.  Gaugings  are  being  made  with  greater  preci- 
sion. It  is  more  necessary  to-day  that  water  courses  and  pipe  lines 
should  give  the  greatest  discharges  with  the  least  })ossible  outlay  of 
money.  Works  built  in  recent  years  on  the  assumption,  continuing  to 
use  the  above  simile,  that  acciiracy  uj)  to  tenths  of  a  unit  was  sufficient, 
have,  in  more  than  one  case,  disastrously  atiected  invested  cai^ital. 

An  important  question  to-day  is  how  further  improvements  can  be 
made  in  more  accurately  forecasting  the  mean  flow  of  water  in  i)ro- 
jected  channels.     By  some  radically  new  formula?     The  writer  thinks 
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Mr.  Heriug.  not.  It  seems  there  are  already  too  manv,  and  thereby  have  caused 
some  little  confusion  rather  than  elucidation  on  the  subject.  To 
the  writer's  mind,  the  proper  course  to  pursue  api3ears  to  be  the 
following  :  Starting  with  the  old  and  simple  Chezy  formula  as  a 
foundation,  its  coefficient  c  may  be  considered  a  constant  quantity  for 
rough  api^roximations,  jjerhai^s  distinguishing  between  pipes,  artificial 
channels  and  rivers.  For  closer  approximations  the  Kutter  formula 
may  be  used,  which  expresses  mathematically  some  of  the  variations 
of  this  coefficient,  and  introduces  a  new  coefficient  »,  which  is  readily 
ascertained  in  jjractice,  because  it  represents  mainly  the  degree  of 
roughness  of  perimeter  and  can  be  interpreted  by  gaugings  made  in 
similar  channels.  For  still  closer  approximation  it  is  necessary  to  con- 
sider the  variations  of  this  coefficient  of  roughness  in  one  and  the  same 
channel,  with  its  slope  and  perhaps  also  with  its  size  and  shape. 
Attention  should  be  paid  to  these  variations  when  safer  and  more  pre- 
cise results  are  desired,  rather  than  to  attempts  to  find  a  radically  new 
formula. 

Realizing  such  a  necessity  in  the  future,  the  writer  endeavored 
about  ten  years  ago  to  plot  curves  from  actual  gaugings,  in  order  to 
ascertain  the  nature  of  the  variation  of  this  coefficient  of  roughness  n. 
Sufficient  information  was  obtained  to  indicate  the  rationale  and  prac- 
ticability of  such  a  course.  To  facilitate  application  in  practice  the 
writer  compiled  a  very  large  collection  of  gaugings*  from  the  case  of 
pipes  to  that  of  the  largest  rivers,  and  arranged  them  with  the  special 
piirpose  of  showing  the  variation  of  Kutter's  coefficient  n  with  the 
variation  of  the  sloj^e  in  one  and  the  same  channel.  By  giving  some 
attention  to  this  variation,  as  indicated  by  known  and  carefully  made 
gaugings,  an  engineer  will  be  enabled  to  forecast  the  discharge  of  a 
channel  much  more  safely,  and  by  the  constantly  increasing  stock  of 
gaugings,  including  cases  of  every  characteristic  kind  of  surface,  he 
will  be  able  to  get  closer  and  closer  to  the  truth,  and  thiis  better  ful- 
fil the  increasing  demands  for  accuracy  and  safety  on  the  part  of 
invested  capital. 

It  is  quite  possible  that  the  accumulation  of  gaugings,  as  they  en- 
abled Ganguillet  and  Kutter  to  devise  a  formula  for  the  variation  of 
the  Chezy  constant,  will,  through  the  greater  number  of  more  accur- 
ate gaugings  since  made  available,  enable  some  one  to  devise  a  formula 
for  the  variation  of  the  Kutter  constant.  Until  then,  the  available 
gaugings  themselves  must  be  used  and  interpreted  by  the  engineer  in 
applying  them  to  each  new  case. 

It  has  recently  been  stated  by  a  member  of  this  Society  that  it  would 
not  be  possible  to  determine  reliable,  variable  coefficients  of  roughness 
to  answer  for  all  localities,  because  some  iron  pipes  corrode   much 

*  Embodied  in  the  appendix  to  OaoguiUet  and  Kutter's  work  on  "  The  Flow  of  Water," 

translated  by  Rudolph  Bering  and  John  C.  Trautwine,  Jr. 
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faster  than  others  and  coDseqiiently  the  degree  of  roughness  of  the  in-  Mr.  Hering. 
terior  of  an  iron  pipe  in  one  locality,  after  a  few  years  of  service,  might 
be  quite  different  from  what  it  would  be  in  another  locality,  where  for 
instance  the  water  had  a  different  chemical  composition. 

This  statement  is  one  of  those  which  are  apt  to  cause  confusion  of 
ideas.  No  formula  can  ever  be  devised  nor  can  any  rule  be  deter- 
mined whereby  the  flow  of  water  in  pipes  can  be  ascertained,  when 
such  a  formula  or  rule  must  dejiend  uiJon  a  gradual  and  complex 
change  of  conditions,  such  as  subsequent  corrosion,  a  subsequent  de- 
posit of  scale  or  sediment,  attachment  of  a  slimy  coating  or  a  vegetable 
growth.  The  probable  future  extent  of  these  contingencies  must  be 
determined  by  a  mental  and  not  by  an  algebraic  process,  and  the  skil- 
ful engineer  will  decide  for  what  kind  or  degree  of  such  contingencies 
he  thinks  it  jjroper  to  provide  in  his  si^ecial  case,  and  select  the  coef- 
ficients in  accordance  with  his  decision.  Judgment  will  be  very  ma- 
terially aided  if  the  laws  according  to  which  the  coefficients  are  found 
to  vary  have  been  ascertained  and  recognized.  Instead  of  considering 
only  two  or  three  so-called  constants,  each  one  applying  to  a  general 
class  of  conduits,  and  each  one  embracing  a  great  variety  of  conditions, 
the  engineer  will  be  able  to  draw  safer  conclusions  if  he  has  a  con- 
tinuously increasing  scale  of  coefficients  before  him,  along  which  scale 
he  finds  those  coefficients  which  represent  actual  gaugings  for  definite 
conditions,  and  between  which  lies  the  coefficient  that  must  apply  to 
his  new  case.  By  means  of  his  judgment,  then,  weighing  the  differ- 
ences between  the  conditions  of  his  new  case  and  those  for  which 
actual  gaugings  exist,  he  can  locate  a  value  along  that  scale  for  the 
coefficient  which  applies  most  nearly  to  his  new  case. 

It  is  unfortunate  that  the  author  gives  also  three  entirely  new 
formulas  of  the  exponential  class  to  fit  his  three  series  of  exjjeriments, 
without  a  special  warning,  which  he  perhaps  thought  was  unnecessary, 
that  they  should  not  be  ajiplied  to  other  cases.  Such  a  possibility 
should  not  always  be  excluded,  because  cases  are  occasionally  found 
where  such  formulas  have  been  misapplied.  The  exponential  class 
offers  easy  adaptations  for  any  short  series  of  experiments,  and  thereby 
gives  a  semblance  of  accuracy  to  the  formula  and  apparently  justifies 
confidence,  but  when  applied  to  other  cases  it  is  sometimes  liable  to 
hit  far  off  the  mark.  It  is  much  safer  for  practical  purjioses  to  use 
the  old  simple  Chezy  instead  of  the  exponential  form,  and,  according 
to  the  degree  of  accuracy  desired  or  obtainable,  vary  the  coefficient  c 
according  to  the  Kutter  formula,  and  for  finer  work  to  vary  also  the 
coefficient  n,  in  accordance  with  the  results  of  carefully  made  gaugings 
in  similar  channels,  to  suit  the  conditions  of  the  particular  ease  in  hand. 

The  author's  conclusion  that  piezometric  gauges  can  V)e  depended 
upon  as  certainly  as  other  appliances  of  precision  is  gratifying  to  note 
because  of  the  facilities  they  ofler  for  making  gaugings  of  this  class. 
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tr.  LeConte.  L.  J.  Le  Coxte,  M.  Am.  Soc.  C.  E. — The  aiitlior's  experiments  bring 
out  clearly  the  ■nell  known  diminution  in  capacity  of  a  pipe  line  by 
reason  of  interior  tnberculation  due  to  15  to  20  years'  service  in  soft 
water,  the  reduction  in  the  velocity  coefficient  in  this  case  being  S0%  in 
16  years.  This  seems  to  accord  fairly  well  with  the  old  standard 
formulas  for  the  difference  between  the  coefficients  for  clean  and  rusty 
l)ipes,  which  are  in  the  ratio  of  eleven  to  eight  respectively.  The  tables 
seem  to  show  a  double  loss  due  to  tuberculation,  which  is  a  new 
feature;  that  is  to  say,  a  loss  due  to  tuberculation  proper  and  that  due 
simply  to  increased  velocity  of  flow  such  as  naturally  accompanies  the 
gradual  increase  in  demand  for  water. 

As  the  author  states,  the  Kutter  formula's  coefficient  of  roughness 
is  badly  in  need  of  another  sub-coefficient.  This  is  a  most  important 
fact  for  engineers  to  study,  and  brings  out  a  fundamental  defect  in  all 
the  old  standard  formulas. 

Nearly  every  pipe  line  becomes  more  or  less  foul  by  long-continued 
use,  and  a  certain  loss  in  capacity  for  discharge  must  necessarily  fol- 
low. The  loss  due  to  tuberculation  proper,  as  well  as  the  loss  due 
strictly  to  increase  in  velocity,  both  act  prejudicially  as  regards  future 
capacity  of  any  pipe  line,  the  only  difference  between  any  two  cases 
being  one  of  degree. 

The  chief  water  supi^lies  at  and  near  San  Francisco  are  more  or  less 
impregnated  with  salts  of  lime,  and  may  be  classed  as  hard.  Tubercu- 
lation is  rare,  and  only  where  soft  waters  are  in  use.  Pipes  which 
have  been  in  service  for  10  to  25  years  generally  show  a  lime-scale  on 
the  inner  surface,  making  it  somewhat  rougher  than  the  new  surface 
of  asphalt;  but  no  material  change  in  the  value  of  c  has  been  noted  as 
yet  for  the  larger  size  pipes. 

The  formulas  dediiced  by  the  author  seem  to  fit  his  cases  well,  but 
whether  they  are  suitable  to  apply  to  other  cases  remains  to  be  seen. 
This  has  been  the  main  trouble  with  the  old  formulas;  they  were  reli- 
able only  within  narrow  limits  near  the  experiments  on  which  they 
were  based.  The  results  of  the  author's  experiments  should  be 
applied  to  modifying  the  expression  for  n  in  Kutter's  formula  by  intro- 
ducing a  new  variable  V,  determined  by  Darcy's  formula  as  a  first 
ajjproximation. 

A.  McL.  HA^\•Ks,  Jun.  Am.  Soc.  C.  E. — The  author  shows  in  Plate 
VIII,  Figs.  1  and  2,  two  radically  different  types  of  tuberculation  in  the 
pipes.  As  he  does  not  state  the  relative  positions  of  the  two  points, 
the  writer  wishes  to  ask  for  them.  In  recovering  mains  which  have 
been  replaced  by  larger  ones  he  has  noticed  that  those  pijjes  laid  in 
the  lowest  depressions  were  usually  most  affected  by  tubercles,  and 
is  desirous  of  learning  if  the  same  was  true  in  this  case. 

In  Plate  VIII,  in  the  immediate  foreground,  is  shown  an  almost  com- 
jdete  circle  of  tubercles.     Is  this  a  joint  of  the  pipe  encrusted  in  this 
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manner?  The  writer  has  also  noticed  that  the  most  vulnerable  j^laces  Mr.  Hawks, 
in  the  coating  of  recovei-ed  pij^es  seemed  to  be  at  the  joints.  This  is 
probably  due  to  the  sharp  edges  of  both  the  hub  and  spigot  on  the 
inside  of  the  pipe  being  liable  to  be  nicked  in  handling,  and  the  coat- 
ing on  these  sharp  edges  is  very  easily  bruised  or  worn  off.  The 
slightest  spot  in  the  coating  is  sufficient  to  produce  a  large  tubercle 
in  a  few  years.  In  some  pipes  the  effect  of  tuberculation  at  the  joints 
was  to  diminish  the  clear  diameter  from  i  to  ^  in.,  not  a  matter  of 
much  moment  to  a  48-in.  pipe,  but  a  serious  thing  for  a  small  service 
or  lateral.  To  such  an  extent  has  this  been  found  true,  that  the  writer 
has  drawn  plans  for  joints  with  curves  of  J-in.  radius  to  replace  the 
sharp  edges  mentioned,  and  has  advised,  to  insure  perfect  coating  of 
the  jjipes  at  the  joints,  that  the  space  easily  reached  from  the  end,  about 
3  ins.  in  small  pipes,  be  retouched  just  before  laying,  with  some  of  the 
asphalt  varnishes  which  are  rapid  driers. 

The  author  does  not  state  if  he  measured  the  area  or  height  of  the 
largest  of  these  tubercles.  This  would  be  useful  as  showing  to  what 
extent  the  clear  oj)ening  of  the  pipe  might  be  reduced  in  20  years,  for 
conditions  might  easily  arise  whereby  a  ring  of  the  largest  tubercles 
would  be  formed  outside  of  the  easily  protected  end  joints,  and  thereby 
the  flow  reduced,  not  only  by  the  additional  friction  head,  but  by  an 
actual  reduction  of  cross-section.  The  shape  of  the  tubercles  illus- 
trated differs  materially  from  those  observed  by  the  writer.  In 
the  author's  plates  they  look  like  barnacles  with  serrated  toi>s.  In 
pipes  which  have  been  in  use  from  three  to  ten  years  they  are  smooth, 
rounded  humjas,  much  resembling  a  blister  in  the  coating,  and  in 
that  stage  are  very  thin  and  easily  ruptured  and  removed.  The  writer 
has  contemplated  the  use  of  a  rattler  such  as  is  used  for  cleaning 
pipes  in  the  oil  regions,  for  the  removal  of  green  tubercles,  if  the 
term  may  be  used,  and  desires  the  author's  opinion  as  to  whether  such 
means  would  be  effective  with  such  growths  as  he  removed.  In  most 
cases  the  conduits  leading  to  smaller  cities  and  towns  are  less  than  24 
ins.  in  diameter  inside,  which  is  about  the  limiting  size  in  which  any 
successful  manual  labor  can  be  performed,  and  with  such  pipes  the 
author's  methods  of  cleaning  are  not  applicable. 

Edmund  B.  We.ston,  M.  Am.  Soc.  C.  E. — The  writer  has  been  Mr.  Weston, 
greatly  interested  in  reading  the  paper  on  account  of  the  valu- 
able data  which  it  contains,  and  the  corroboration  l)y  some  of  these 
data  of  ideas  that  he  expressed  a  number  of  years  ago  in  a  jjaper* 
entitled,  ' '  The  Results  of  Investigations  Relative  to  Formulas  for  the 
Flow  of  Water  in  Pipes."  In  this  paper  the  writer  states  that  he  has 
come  to  the  conclusion  that  two  formulas  constructed  by  an  eminent 
French  civil  engineer,  the  late  Henry  Darcy,  were  very  well  adapted 
for  pipes  having  interior  sides  similar  to  new  cast-iron  pipes.     One  of 

*  See  TransacHons,  Vol.  xxii,  p.  1. 
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Mr.  Westou.  these  formulas  the  writer  considered  applicable  in  cases  when  the 
velocity  of  flow  was  less  than  0.33  ft.  per  second,  and  the  other,  which 
is  ordinarily  known  as  Darcy's  formula,  the  writer  was  of  the  opinion 
was  a  safe  general  formula  for  eases  when  the  velocity  of  flow  is 
greater  than  0.33  ft.  per  second. 

For  certain  reasons  mentioned  in  the  i^aper  referred  to,  the  writer 
adopted  the  eoeflicient  of  friction,  «,  in  the  following  formula  as  a 
basis  of  comparison: 

In  which  h  =  the  loss  of  head  due  to  friction,  in  feet. 
I  =  the  length  of  the  pipe,  in  feet. 
d  =  the  internal  diameter  of  the  pipe,  in  feet. 
.  r  =  the  velocity  per  second  of  the  water  flowing  in  the 

pipe,  in  feet. 
Z  =  the  eoeflicient  of  friction  of  the  water  flowing  against 

the  interior  sides  of  the  pipe,  =  —-, — 

V         I 

2g  =  64.326. 

The  writer,  therefore,  in  the  discussion  of  the  present  pajjer  will 
use  as  a  basis  of  comparison  the  eoeflicient  of  friction  I.  The  author 
states  that  for  the  tuberculated  pipes,  the  formula  v  =  108  \/ 1 
fits  the  experiments  fairly  well  for  all  heads.  The  coeflScient  Z  com- 
puted from  this  formula  is  0.0221,  and  the  coefficient  Z  computed  from 
Darcy's  formula  for  a  pipe  48  ins.  in  diameter  is 

r  =.  0.0198920  +  ^^^^^^^^^  =  0.02031.      The    coeflieient   :  computed 

from  experimental  data  relative  to  a  coal-tar  coated  cast-iron  pipe  that 
had  been  in  service  eight  years,  obtained  in  Scotland  a  number  of 
years  ago  by  Mr.  James  M.  Gale,  and  given  in  the  writer's  pajier*,  is 
b.0204. 

The  writer  formed  his  conclusions  relative  to  Darcy's  formula  by 
comparing  it  with  the  results  of  46  experiments  made  by  13  different 
experimenters  in  the  United  States,  England,  Scotland,  France  and 
Germany.  In  making  the  experiments  2.5  different  pipes  were  used, 
ranging  from  about  3  to  90  ins.  in  diameter,  which  were  new  pipe,  or 
had  been  in  service  from  two  to  thirteen  years.  Some  of  these  pijjes 
were  coated  with  coal-tar  and  others  were  not. 

The  writer's  advocacy  of  Darcy's  formula  has  princii)ally  been  for 
the  purpose  of  determining  the  size  of  pipes  in  the  first  place,  and  it 
might  seem  illogical,  without  an  explanation,  that  he  should  have 

*  See  Tramactiont,  Vol.  xxii,  p.  22. 
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dra\m  his  conclusions  from  comparisons  of  results  derived  from  ex-  Mr.  Weston, 
periments  made  ■w'ith  pipes  which  had  been  in  service  as  great  a  length 
of  time  as  thirteen  years.  The  number  of  experiments  that  had  been 
made  with  entirely  new  j^ijie,  however,  was  too  limited  to  make  use  of 
them  alone,  and  the  writer  considered  that  not  only  was  it  essential  to 
provide  a  pipe  which  would  furnish  the  required  supply  immediately 
after  it  was  laid,  but  that  the  future  cajiacity  of  the  pijje,  to  a  certain 
extent,  should  also  be  taken  into  consideration.  The  advisability  of 
doing  this  is  set  forth  by  the  author's  experiments,  and  those  made  by 
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Fig.  24. 
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F.  P.  Stearns,  M.  Am.  Soc.  C.  E.*,  about  two  years  after  the  same 
jjipes  were  first  laid,  namely,  the  mean  coefficient  >  comiiuted  from 
Mr.  Stearns'  experiments  is  0.0126,  the  mean  coefficient  ^  computed 
from  the  author's  experiments  after  the  jjipes  were  cleaned  V)eiug 
0.0128  ;  and  the  mean  coefficient  %  computed  from  his  experiments 
immediately  before  the  pijies  were  cleaned  is  0.0221,  showing  an  in- 
crease in  the  coefficient  ?  of  0.0095  (0.0221  —  0.0126),  or  lh%,  in  fifteen 
years. 

The  increase  in  the  coefficient  '-,  which  the  writer  has  just   men- 
tioned, is  shown  by  line  No.  6,  in  Fig.  24. 

*  See  TramaidiofM,  Vol.  xiv,  p.  1. 
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Mr.  Weston.  Table   Showing  the  Inceease  of  C — C  Due  to  Yeaes  of  Seevice. 
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5 

s 

1-4 
O 

a 

a 
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6 

l§ 
S 

<D 

s 

1 

o 

a 
o 

Q 

©CO 

lis 

< 

c 
c 

a 
o 

'3 

o 

I 

Naar.e  of  Experimenter  and 
Kind  of  Pipe. 

5.39 
6.00 

New. 

4 

7 

•■■;■■ 

New. 

"s'.s' 

13 

5 

11 

•i 

17 

8 

.0220 
.0208 
.0204 
.0203 
.0264 
.0249 
.0249 

.0270 
.0213 
.0259 
.02*6 
.0263 
.0277 

.0197 
.0196 
.0180 
.0277 
.0261 

.0257 
.0244 
.0242 
.0248 
.0251 
.0197 
.0188 
.0198 
.02U0 
.0199 
.0210 
.0206 
.0214 

.0568 
.0539 
.O.'iOS 
.0482 
.04.59 
.0137 
.0413 
.0391 
.0376 

.0120 
0131 
.0128 
.0124 

.0204 

2  50 
4.19 
5.62 
6.88 
4.70 
7.25 
8.49 

2.91 
2.91 
4.35 
4.35 
3.57 
4.11 

2.48 
2.71 
3.09 
5.25 
6.82 

2.06 
2.26 
2.52 
2.73 
2.80 
2.00 
2.24 
2  36 
2.52 
2.68 
2.76 
2.92 
3.00 

2.71 
3.01 
3.31 
3.61 
3.91 
4.21 
4.51 
4.81 
5.11 

2.62 
3.74 
4.97 
6.20 

3.4G 

Darcy. — New  cast-iron  pipe' 

.0207 

Weston.— Cast-iron    pipe    coated 
by  Smith's  process. 

1 

.0254 

.0047 

.0118 

12.00 
12.00 

Simpson.-  Cast-iron  pipe. 

.0256 

Simpson.— Cast-iron  pipe. 

2... 

.0270 

.0014 

.0047 

16.48 
16.00 

Lampe. — New      cast-iron      pipe, 
coated  with  varnish. 

.0191 

Edinburgh     Water     Company. — 

3... 

.0269 

.0078 

.0092 

Cast  iron  pipe. 

19.00 
20.00 

Simpson.— Cast-iron  pipe. 



.0248 

Brush.— Cast-iron    pipp,     coated 
with  tar. 

4, 

.0202 

.0046 

.0058 

20.00 

48.00 

48.00 
48.00 

Darrach.- Cast  iron  pipe,  coated 

with  tar. 

5... 

.0164* 

.0262 

.0137 

Stearns.- Cast-iron    pipe,    coated 

with  coal-tar. 

.0126 
.0221 
.0204 
.0204 

6... 
7... 

R 

.0095 

.0078t 

.0017t 

.0063 
.0130 
.0019 

FitzGerald.— The  same. 

Gale.— Cast-iron  pips,  coated  with 
coal-tar. 

*  Between  data  of  Bmsb  and  Darracb. 
t  Between  data  of  Stearns  and  Gale. 
+  Between  data  of  FitzGerald  and  Gale. 

In   the   above  table,  in   addition   to   those   mentioned,   are  given 
differences  between  coefiBcients  %  that  have  be^n  computed  from  the 
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^Its  of  experiments  made  with  pipes  that  had  been  in  service  Mr.  Weston. 
dirofcMit  lengths  of  time  in  the  United  States,  England,  France  and 
German;;.  These  differences  are  simply  presented  as  a  vei'v  slight 
verificatioiu  of  the  law  of  increase  shown  by  the  exiieriments  of  Messrs, 
FitzGerald  a'Ld  Stearns,  as  the  coefficients  'C  for  each  diameter  of  pipe 
were  worked  out  from  experiments  made  at  only  one  period  with  each 
pipe,  the  experiments  not  being  repeated  after  the  pipes  had  been  in 
service  a  longer  leng-th  of  time;  consequently,  the  differences  are  those 
of  coefficients  'C,  computed  from  experiments  made  with  different  pipes, 
whereas  those  of  Messrs.  FitzGerald  and  Stearns  were  made  with  the 
same  pipe.  These  differences  ai-e  also  plotted  in  Fig.  24  and  have 
been  grouped  in  order  to  show  the  increase  in  the  coefficients  Z  due  to 
years  of  service,  as  follows:  5.39  and  6  ins.;  12  and  12  ins.;  16.48  and 
16  ins. ;  19  and  20  ins. ;  20  and  20  ins. ;  48  and  48  ins. ;  and  48  and  48 
ins.  The  average  of  the  six  lines  numbered  2,  3,  4,  6,  7  and  8,  which 
the  writer  thinks  are  the  most  reliable,  is  also  plotted  in  Fig.  24. 

The  coefficient  'C,  computed  from  Darcy's  formula  for  old  pipes  is 
just  double  the  coefficient  ?  computed  from  Darcy's  formula  for  new 
pipes  (for  a  pipe  48  ins.  in  diameter,  2  x  0.02031  =  0.04062),  and  it 
is  shown  by  plotting  the  difference  between  the  coefficients  C  for  old 
and  new  pipes  (0.04062  —  0.02031  =  0.02031),  upon  line  No.  6  of  Fig. 
24,  that  the  increase  0.02031  corresponds  to  a  length  of  time  of  about 
32  years. 

By  the  aid  of  these  data  the  writer  suggests  a  new  method  of  apply- 
ing Darcy's  formula  by  which  the  number  of  years  that  a  pipe  has 
been  in  service  can  be  taken  into  consideration,  namely,  the  coefficient 

Z  for  new  pipes  being,   as  before  mentioned,   0.019892  -| — '- — 
a  new   variable   coefficient   C,   for  any   number   of    years   of 

L  '   +   V  ^     3"2 

[?  +  (?  0.0313j/)],  y  being  the  number  of  years  of  service. 

The  following  table  gives  the  discharge  of  a  48-in.  pipe,  having  an 
inclination  of  0.002,  after  it  has  been  in  service  a  specified  number  of 
years.     The  table  was  computed  by  using  the  variable  coefficient  Ci  in 


d 
service 


may  be  approximately  determined  thus,  ^i 


('%V-)]  = 


the  formula  v  =  \/'l  g  h  ^  yj  -a—t 


Number  of  years 

ix* 

Discharge  in  gallons 

in  service. 

per  24  hours. 

New. 

0.02031 

40  879  000 

5 

0.02S40 

38  012  000 

10 

0.026B7 

35  673  000 

20 

0.01302 

32  060  000 

50 

0.0.5210 

25  523  000 

100 

0.08388 

20  115  000 

*  With  the  exception  or  0.02031  =  C,. 
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Mr.  Weeton.  The  results  given  in  the  table  ajipear  reasonable.  As  can  be  seen 
by  the  table,  the  capacity  of  the  pipe,  owing  to  tnberculation,  is  re- 
duced 38/0  after  50  years'  service;  and  after  100  years'  service  51%'.  or 
to  the  capacity  of  a  new  pipe  about  36  ins.  in  diameter.  A  pipe  6  ins.  in 
diameter  under  the  same  conditions  would  discharge  when  new  211  000 
galls,  per  24  hours,  and  after  100  years  of  service  lOi  000  galls,  per  24 
hours,  or  a  reduction  in  capacity  of  51%*  (as  given  above  for  the  48-in. 
pipe),  which  would  be  equivalent  to  the  discharge  of  a  new  pipe  about 
4.5  ins.  in  diameter. 

One  of  the  best  experimental  illustrations  of  the  reduction  of  the 
diameter  of  a  pipe  owing  to  tuberculation  that  the  writer  is  familiar 
with  is  as  follows: 

The  diameter  of  the  pipe  was  determined  with  great  accuracy  be- 
fore and  after  being  cleaned,  by  filling  the  pipe  with  water  and  care- 
fully measuring  the  same  by  means  of  a  special  apparatus  arranged  for 
the  pur^^ose.  The  average  diameter  of  the  pipe  before  the  interior 
deposit  was  removed  was  9.575  ins.,  and  the  average  coeflficient  «  was 
0.0473.  After  the  pipe  was  cleaned  the  average  diameter  was  9.634 
ins.,  and  the  average  coefficient  Z,  0.0271.  The  discharge  of  the  pipe, 
at  an  inclination  of  0.002,  before  it  was  cleaned,  considering  the  above 
figures,  would  be  482  4-50  galls,  per  24  hours,  and  after  it  was  cleaned, 
637  380  galls,  per  24  hours. 

A  .summary  of  these  results  shows  that  the  coefficient  Z  was  in- 
creased by  tuberculation  75,9^,  the  capacity  of  the  pipe  reduced  24.3%, 
and  the  diameter  reduced  0.6%.  Using  the  coefficient  ^  =  0.0271  of 
the  cleaned  pipe,  in  the  formula  before  mentioned  for  determining  the 
velocity,  the  inclination  lieing  the  same,  a  clean  pipe  about  8.61  ins.  in 
diameter  would  have  the  same  capacity  as  the  pipe  9.575  ins.  in  diam- 
eter before  it  was  cleaned. 

It  may  seem  as  though  the  writer  was  somewhat  inconsistent  in  his 
suggestions  relative  to  the  variable  coefficient  T,  as  he  has  assumed  as 
a  coefficient  Z  for  new  pipe  one  which  was  vei-ified  by  exiJerimeutal 
data  of  pipes  of  an  age  ranging  from  that  of  new  pipes  to  those  which 
had  been  in  service  from  about  two  to  thirteen  years  ;  and  it  might  be 
thought  that  if  the  coefficient  ^,  was  increased  owing  to  years  of  .ser- 
vice, that  the  coefficient  '  used  as  a  base  should  be  assumed  to  be  that 
of  a  pipe  that  had  been  in  service  a  specified  length  of  time,  and  there- 
fore decrease  in  value  for  this  specified  length  of  time  until  the  age  of 
absolutely  new  pipe  was  reached. 

If  criticisms  similar  in  jjurport  to  the  above  should  be  advanced, 
the  writer's  reply  would  be  that  Darcy's  formula  for  new  pipes  had 
V)een  proved  to  be  a  safe  and  reliable  formiila,  and  that  experimental 
data  obtained  with  a  single  diameter  of  pipe  were  not  of  sufficient  mag- 
nitude for  determining  a  correction  to  be  ai)plied  to  a  formula  which  is 
intended  to  be  used  for  pijjcs  of  all  diameters.     Also,  that  th6  variable 
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coefficient  Ci  which  takes  into  consideration  the  number  of  years  that  a  Mr.  Weston. 
l)ipe  has  been  in  service,  is  simply  suggested  as  a  reasonable  ajjproxi- 
mation  which  has  been  based  upon  the  only  reliable  data  known  to 
the  writer,  that  have  been  derived  from  experiment^  made  with  the 
same  pipes,  when  new  and  old,  at  an  interval  of  time  between  the  ex- 
jjerimeuts  which  is  positively  known.  It  would  hardly  be  possible  to 
construct  a  reliable  formula  in  which  the  length  of  service  of  a  pipe 
was  considered  which  could  be  generally  used,  as  several  important 
elements  would  enter  into  the  case.  For  instance,  the  corrosion  of  the 
interior  of  an  iron  pipe  is  proiJortional  to  the  volume  of  water  flowing 
in  it — the  greater  the  volume,  the  more  the  corrosion  ;  and  the  chemical 
constituents  of  the  water  exert  an  influence  one  way  or  the  other, 
slightly  alkaline  and  aerated  waters  causing  cast-iron  pipe  to  corrode 
much  more  quickly  than  some  other  waters  differently  constituted. 

In  closing,  the  writer  would  remark  that  in  making  use  of  a  formula 
known  to  be  safe  for  determining  the  size  of  supjily  or  distribution 
jjipe,  the  only  criticism  that  an  engineer  is  likely  to  receive  is  that  his 
estimates  of  cost  are  too  high.  A  criticism  of  this  kind,  however, 
generally  helps  the  reputation  of  an  engineer,  as  it  is  apt  to  give  the 
imi^ression  that  he  is  a  safe  man.  The  engineer,  however,  who  tries  to 
figure  out  the  size  of  a  pipe  to  the  lowest  possible  limit  on  account  of 
first  cost,  if  the  pipe  does  not  come  up  to  the  capacity  for  which  it 
was  intended,  is  very  likely  to  be  blamed  for  having  made  a  mistake, 
and  his  well-meant  intentions  in  regard  to  first  cost  are,  in  the  majority 
of  cases,  more  likely  to  be  ridiculed  than  praised. 

George  W.  Rai'tek,  M.  Am.  Soc.  C.  E. — The  paper  is  of  interest  to  Mr.  Rafter, 
the  writer  by  reason  of  the  well  sustained  conclusion  that  piezometer 
measurements  accurately  indicate  the  loss  of  head  in  a  pipe  Hue  work- 
ing under  jn-essure,  as  well  as  for  the  light  thrown  upon  the  influence 
of  the  interior  surface  of  pipes  on  the  discharge.  The  vast  importance 
of  a  protective  coating  that  shall  absolutely  protect  is  forcibly  pre- 
sented. A  number  of  years  ago  the  writer  studied  the  practice  of 
American  pipe  foiindries  as  regards  the  ordinary  jirotective  coating 
devised  by  Dr.  R.  Angus  Smith,  and  came  to  the  conclusion  that  at  some 
of  the  fouudi'ies,  at  any  rate,  the  coating  was  ajiplied  so  carelessly  that 
failure  was  fairly  certain.  As  illustrating  this  point  it  may  be  mentioned 
that  there  are  now  cast-iron  mains,  laid  in  1873,  in  the  streets  of 
Rochester,  N.  Y.,  in  which  the  coating  was  about  as  perfect  in  1890 
and  as  free  from  blemish  as  when  fii'st  laid;  while  pipe  from  other 
foundries  laid  several  years  later  showed  in  1890  very  much  the  same 
ai>pearauce  of  the  interior  surfaces  that  is  indicated  in  the  illusti'ations 
in  the  paper.  With  tlie  present  knowledge  the  diflorence  in  such  a 
case  must  be  ascribed  almost  entirely  to  ditt'erences  in  quality  of  the 
material  of  the  coating,  or  to  defects  of  some  sort  in  the  method  of 
applying  it. 
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Mr.  Rafter.  In  the  coiirse  of  the  study  of  coatings  referred  to,  letters  were 
addressed  to  several  of  the  leading  foundries  asking  for  a  detailed 
account  of  the  formula  in  use  at  each  foundry.  The  interesting 
point  revealed  was  that  in  many  cases  the  entire  business  of  coating 
Avas  a  purely  routine  matter,  which,  from  the  foundryman's  point  of 
view,  at  any  rate,  was  of  relatively  little  imjiortance.  At  one  foundry 
at  which  the  writer  had  occasion  to  spend  considerable  time  there  was 
no  person  with  any  knowledge  whatever  of  the  composition  of  the  coat- 
ing. A  proprietary  preparation  purchased  in  large  quantities  was 
used  without  test  and  without  question  from  anybody.  So  long  as  the 
coating  hardened  readily  and  adhered,  it  seemed  to  be  assumed  that 
every  necessary  condition  had  been  fulfilled.  The  fact  that  the  mate- 
rial used  for  j^roducing  the  coating  was  a  complex  one,  and  hence 
necessarily  subject  to  special  conditions  for  the  best  results,  was  entirely 
overlooked. 

Facts  of  the  character  of  the  foregoing  lead  easily  to  the  conclusion 
that  as  regards  the  coating  of  water  mains  much  information  is  needed. 
If  the  Boston  water  has  a  specially  destructive  effect  on  the  coating, 
that  fact  should  be  strongly  brought  out  by  technical  investigations, 
and,  when  established,  a  special  coating  devised  for  Boston  mains  to 
meet  the  emergency.  In  the  same  way  the  effect  of  other  waters  iipon 
the  ordinary  coatings  should  be  studied,  and,  if  necessary,  different 
preparations  devised  to  meet  the  various  cases.  On  this  point  it  may 
be  remarked  that  it  seems  very  probable  that  the  Boston  waters  are 
specially  destructive  in  their  action  and  some  of  the  earlier  informa- 
tion of  the  Boston  Water- Works  reports  is  interesting  and  valuable  on 
this  point.  *  The  softness  of  the  waters  about  Boston  may  be  assigned 
as  the  chief  reason  for  the  specially  destructive  action. 

The  process  of  coating  as  ordinarily  applied  to  cast-iron  pipe  was 
devised  by  Dr.  R.  Angus  Smith,  and  first  used  on  the  mains  of  the 
Manchester,  England,  Water- Works  about  1849  or  1850.  Inasmuch  as 
information  about  this  very  common  operation  is  not  easily  obtained, 
the  writer  refers  to  it  here. 

According  to  Mr.  Batemanf  the  process  as  originally  used  at  Man- 
chester consisted  of  immersing  the  i)ipes  when  hot  in  a  bath  or  cauldron 
of  boiling  coal  pitch  after  the  naphtha  comjiounds  were  diistilled 
off.  The  residuum  was  then  hard,  insoluble,  odorless  and  tasteless, 
and  required  an  admixture  of  mineral  oil  to  enable  it  to  acquire,  when 
boiled,  proijer  fluidity  for  the  operation. 

The  experience  at  Manchester  demonstrated  that  if  rusting,  how- 
ever slight,  had  taken  place  on  the  surface  of  the  pipe,  the  coal  i)itch 
coating  peeled  off.     The  proving  of  the  Manchester  pipes  was  all  done 

♦8eo  "Annual  Report  of  the  Cocbltuate  Water  Board  for  1862";  also  "  A  History  of  the 
Introduction  of  Pure  Water  into  the  City  of  Boston,"  Boston,  18CH,  pp.  14'."  to  16ti. 

t  History  and  Description  of  the  Manchester  Water- Worlja.  By  J.  F.  Lii  Trobe  Batenian 
London  and  Manchester,  1884,  pp.  143-146. 
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"by  the  corporation  before  tlie  application  of  the  protective  coating,  Mr.  Rafter, 
and  in  order  to  prevent  rusting  the  pipe  foundries  were  required  to 
paint  the  pipe  with  linseed  oil,  both  inside  and  outside,  as  soon  as  the 
sand  was  cleaned  oflf  an  1  while  the  pipe  was  yet  warm.  In  this  con- 
dition the  pipe  was  delivered  to  the  corporation  for  proving  and  coat- 
ing. The  proving  consisted  in  subjecting  them  to  a  hydraulic  pressure 
equal  to  300  ft.  head,  after  which  they  were  heated  in  a  vertical  pan 
and  then  immersed  in  another  containing  the  boiling  coating,  into 
which  they  were  slowly  lowered,  still  in  a  vertical  position,  and  raised 
again.  The  heating  drove  oflf  any  slight  rust  or  dampness  and 
allowed  the  coating  to  penetrate  the  pores  of  the  iron,  which  were 
slightly  opened  thereby. 

Mr.  Bateman  states  that  the  resulting  smooth  surface  added  ma- 
terially to  the  volume  of  water  discharged.  When  the  coating  was 
fresh  the  increase  over  the  quantity  indicated  by  the  ordinary  formula 
was  40  to  50  per  cent.  He  also  states  that  an  examination  of  some  of 
the  36-in.  pipes  which  were  coated  in  this  manner  and  had  been  laid  30 
years  at  the  date  of  examinations,  showed  that  no  corrosion  had 
taken  i^lace  inside,  but  that  they  were  still  as  clean  as  when  first 
laid.  While  at  Manchester  in  October,  1894,  the  writer  took  occasion 
to  inquire  as  to  the  i^resent  condition  of  the  pipe  first  coated  by  Dr. 
Smith's  process,  and  was  informed  that  so  far  as  the  Water  Depart- 
ment had  information,  derived  from  cut-outs,  etc.,  they  were  still 
generally  as  clean  as  when  first  laid. 

Mr.  Bateman  said  further  that  where  the  oiling  was  neglected  and 
the  quality  of  the  coal  pitch  not  what  it  should  be,  the  pipes  had 
frequently  to  be  discarded.  He  had,  therefore,  always  insisted  on 
the  oiling  previous  to  the  coating.  He  also  said  that  waters  of  more 
than  4  or  5  degrees  of  hardness  precipitate  an  incrustation  of  lime 
on  the  interior  of  coated  pipe  the  same  as  uncoated,  which  will  in 
either  case  eventually  choke  the  pipe. 

The  first  use  of  pipe  coated  h\  Dr.  Smith's  process  in  the  United 
Spates  was  pipe  imported  from  Glasgow  for  the  Brooklyn  Water- 
Works  in  1858.*  The  Brooklyn  specification  has  been  the  basis  of  most 
of  the  pipe-coating  specifications  thus  far  used  for  cast-iron  pipe  in 
the  United  States.  These  specifications  begin  by  stating  that  the  con- 
ditions laid  down  must  be  strictly  observed  in  order  to  insure  the 
permanence  of  the  coating  and  the  efficient  protection  of  the  pipe 
from  rusting.  Some  pipe  foundries  are  not  following  this  original  s])e- 
cification  closely  which,  so  far  as  known,  has  not  been  improved 
thus  far. 

The  original  cast-iron  mains  of  the  Rochester  Water-Works  were 
coated  under  the  original  Brooklyn  si^ecification  properly  followed,  and 

*  See  "  The  Brooklyn  Water.WorkB  and  Sewers,  a  Descriptive  Memoir."  New  York, 
1867,  p.  41. 
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Mr.  Rafter,  it  is  believed  from  the  examinations  made  by  the  writer  five  years  ago 
that  this  coating  is  generally  intact  to  this  day.  The  wrought-iron 
conduit  of  the  Rochester  Water-Works  was,  however,  coated  by  a  quite 
dififerent  formula,  derived,  it  is  believed,  from  Calif ornian  experience. 
The  following  is  the  sjjecifleation  for  this  coating: 

"  First. — Every  pipe  must  be  clean  and  free  from  earth,  sand,  or 
rust,  when  the  coating  is  applied,  and  no  pipe  shall  be  coated  until  the 
authorized  inspector  shall  have  carefully  examined  it  in  reference  to 
compliance  with  the  above  requirement. 

"  Secnnf]. — The  coating  mixture  shall  be  prepared  and  applied  to  the 
satisfaction  of  the  chief  engineer  and  in  the  following  manner:  The 
purest  quality  of  asphaltiim,  such  as  shall  be  api^roved  by  the  chief 
engineer,  shall  be  procured  and  broken  into  pieces  containing  from  two 

(2)  to  four  (41  cu.  ins.  and  placed  in  kettles  over  a  heating  fur- 
nace; then  the  interstices  between  the  jneces  are  filled  with  the  best 
quality  of  coal  tar,  free  from  oily  substances,  and  the  whole  boiled  and 
stirred  uj)  in  such  manner  as  the  chief  engineer  may  direct  from  three 

(3)  to  four  (4)  hours  until  the  kettle  charge  is  a  semi-fluid  mass.  Dur- 
ing the  boiling  such  occasional  tests  shall  be  made  as  may  be  feqiiired 
by  the  chief  engineer  to  determine  the  quality  and  character  of  the 
mixture  and  test  its  adaptability  for  the  purj^ose  intended. 

"  TNTien  the  mixture  is  in  proper  condition  it  shall  be  drawn  from 
the  kettles  into  a  reservoir  over  a  heating  furnace  or  oven  of  sufficient 
capacity  to  enable  the  pipes  in  lengths  up  to  thirty  (30)  ft.  to  be 
thoroughly  dipped. 

"  Immediately  after  being  taken  out  of  the  coating  bath,  a  piece  of 
the  coated  iron  is  to  be  plunged  into  water  near  the  freezing  point,  and 
if  after  removal  the  coating  does  not  become  brittle  with  a  tendency  to 
fly  off  or  loosen  when  pipe  is  rapped  with  a  hammer,  but  firmly  adheres 
to  the  iron,  the  material  will  be  considered  of  good  qiiality,  and  the 
work  properly  done  in  ordinary  cases,  although  the  engineer  may  sub- 
ject the  same  to  such  other  tests  as  he  may  deem  desirable. 

"  After  the  shorter  pieces  of  pipe  are  riveted  or  bolted  together  and 
placed  in  a  trench,  a  workman  shall  be  sent  through  the  pipe  with  a  small 
kettle  of  the  mixture  and  thoroughly  coat  the  newly  riveted  joints, 
rivets  and  laps,  and  all  other  jilaces  where  the  coating  has  been  marred, 
injured  or  destroyed  in  any  manner.  The  same  shall  also  be  done  on 
the  OTitside  of  the  said  pipe,  either  before  or  after  the  laying  in  the 
trench  or  both,  if  required." 

Recapitulating  the  subject  of  pipe  coating  it  may  be  remarked: 

First— ^Ir.  Bateman  observed  over  40  years  ago  that  a  smooth 
interior  coating  increased  the  delivery  of  a  pipe  when  the  coating  was 
new  from  40  to  50"o  more  than  indicated  by  the  formula  then  in  com- 
mon use. 

Second. — The  maintenance  of  the  integrity  of  the  coating  is  a  matter 
of  supreme  importance,  and  hair-splitting  formulas  are  of  absolutely 
no  use  so  long  as  an  indefinite  reduction  of  the  delivery  is  possible,  due 
to  a  more  or  less  constant  deterioration  of  the  interior  coating. 

Thinl. — As  regards  cast-iron  water  mains  the  coal  ])itcli  preparation 
of  Dr.  R.  Angus  Smith  as  originally  applied  at  Manchester  is  the  best 
thus  far  devised.     So  far  as  is  definitely  known  it  jirotects  the  pil)e  in- 
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definitely  if  applied  strictly  in  accordance  with  the  original  speciflca-  Mr.  Rafter, 
tion. 

Fourth. — In  view  of  the  present  knowledge  of  the  matter,  serious 
tuberculation  of  a  pipe  coated  by  Dr.  Smith's  formula  within  25  or 
30  years  is  probably  presumptive  evidence  of  improper  or  careless  ai)- 
jjlication  of  the  coating.  In  drawing  the  fourth  conclusion  it  is  recog- 
nized, however,  that  coal  pitch  is  a  substance  more  or  less  subject  to 
change,  and  there  may  be  some  waters  which  accelerate  these  changes 
more  than  others.     On  this  general  subject  more  information  is  needed. 

Fifth.  — This  conclusion  is  stated  in  the  form  of  a  question.  Is  there 
any  good  reason  why  a  coating  should  be  used  for  wrought  iron  or 
steel  pipe  diflferent  from  that  used  for  cast  iron? 

In  the  writer's  paper*  on  the  "Hydraulics  of  the  Hemlock  Lake 
Conduit  of  the  Rochester,  X.  Y. ,  Water-Works,"  there  is  exj^ressed  a 
mild  doubt  as  to  the  correctness  of  the  value  of  c  in  the  expression 
v  =  c\/  rs  as  applied  to  pipes  of  long  lengths  and  large  diameters. 
Since  the  presentation  of  that  paper  in  1892,  the  views  of  hydraulic 
engineers  have  undergone  some  considerable  clarification  through  the 
operation  of  forces  to  which  it  is  imnecessary  to  refer  specially.  As 
regards  coated  cast-iron  pipes  of  great  length  and  large  diameters  the 
doubt  is  effectually  removed  so  long  as  the  integrity  of  the  interior 
coating  is  effectually  maintained.  On  the  other  hand,  for  built-up 
wrought-iron  or  steel  lapped  and  riveted  pipes  the  doubt  has  equally 
resolved  itself  into  a  certainty.  It  is  known  definitely  that  for  such 
pipes  large  values  of  c  in  the  Chezy  formula  are  entirely  inapplicable.  • 
Even  when  the  pipes  are  new,  the  irregularity  of  the  interior  surfaces, 
caused  by  the  i^rojecting  rivet  heads  as  well  as  the  lap  of  the  sheets, 
introduces  disturbing  elements  fatal  to  high  efficiency. 

In  concluding  the  discussion  of  his  paper  on  the  "  Hydraulics  of 
the  Hemlock  Lake  Conduit  '"  the  writer  expressed  the  view  that,  as  a 
matter  of  rational  design,  the  built-up  pipes  are  only  applicable  when 
by  reason  of  high  pressure  or  large  diameter  cast  iron  cannot  be  used 
safely.  This  view  is  strengthened  by  later  develojjments.  Certainly 
the  assumed  economy  of  the  built-up  pipes  is  considerably  decreased 
by  the  necessary  increase  in  diameter  in  order  to  compensate  for  the 
disturbing  action  of  the  rivets  and  the  lap. 

There  is,  moreover,  one  further  consideration  in  favor  of  cast-iron 
pipes,  namely,  that  cast  iron  is  a  material  much  less  easily  corroded 
than  either  wrought  iron  or  steel,  and  hence,  per  se,  a  less  difficult  ma- 
terial to  shield  properly  by  the  protective  coating.  It  .seems  clear  that 
a  failure  to  appreciate  this  point  has  been  the  source  of  ultimate  un- 
necessary expense  to  some  of  our  municipalities  where  the  built-uj) 
conduits  have  been  used,  and  whei-e  they  have  been  adopted  on  only 
a  slight  margin  of  first  cost  in  their  favor,  and,  so  far  as  known,  with- 
out regard  to  the  finnl  results. 

*  See  Trantactiant,  VoL  xivi,  p.  13. 
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Mr.  Herscliel.  CuEMENS  Hekschel,  M.  Am.  Soc.  C.  E. — If  a  meter  were  put  into 
each  of  the  48-in.  pipes  described  in  the  paper  the  record  of  the  meters 
would  show  the  gradual  diminution  of,  possibly  an  occasional  or 
regular  or  annual  fluctuation  in,  the  discharge  of  the  two  jnpes.*  As 
an  effective  meter  for  48-in.  pipes  and  for  pipes  of  any  diameter  was  de- 
scribed in  the  Traiisaclionsf  in  1888,  and  has  since  become  an  established 
method  of  metering  water,  the  opportunity  was  here  presented  of  using 
such  a  meter,  instead  of  the  more  costly,  cumbersome  and  merely  transi- 
ent method  of  weii-  measurements.  Indeed,  it  would  not  be  surjirising  if 
the  present  set  of  experiments  proved  to  be  ];he  last  set  of  weir  experi- 
ments ever  made  for  the  like  jjurpose.  In  the  progi'ess  of  the  arts 
there  has  to  be  a  last  time  for  all  kinds  of  ways  and  methods;  and  in 
the  nature  of  things  there  will  have  to  be  a  last  time  when  weii* 
measurements  are  to  be  undertaken  to  meter  the  flow  through  a  couple 
of  48-in.  pipes  forming  part  of  a  system  of  water  supply. 

In  the  JouraalX  of  the  New  England  Water-Works  Association  is  an 
account  of  the  test  of  a  48-in.  Venturi  meter,  and  its  results  are  com- 
pared with  those  found  in  1886  in  the  test  of  a  12-in.  and  a  108-in. 
meter  of  the  same  sort.  These  three  tests  show  a  conformity  with 
each  other  not  found  in  weir  experiments.  The  theory  of  the  Venturi 
meter  also  is  simijlicity  itself  compared  with  that  of  a  discharge  over  a 
weir,?  and,  beside  this,  various  users  of  the  meter  have  tested  it  for 
themselves,  so  that,  to  him  who  will  enquire  or  study,  .the  accuracy 
of  a  Venturi  meter  will  speedily  stand  established.  It  is  less  likely  to 
err  than  a  weir,  because  it  acts  in  conformity  to  simple  instead  of  ac- 
cording to  complex  hydraulic  laws,  and  both  use  and  experiment  show 
it  to  be  exceedingly  uniform  in  its  results. 

It  costs  much  less  than  a  weir  in  first  cost,  and  still  less  to  operate. 
The  writer  has  endeavored  to  secure  from  the  author  of  the  paper  the 
recorded  cost  of  the  apparatus  described,  and  of  the  exi^eriments  con- 
ducted with  it.  In  default  of  receiving  this  statement,  the  following 
estimate  of  an  experienced  foreman  and  millwright  is  given : 

*  To  illustrate.  On  March  2d,  1896,  the  State  of  New  Jeraej'  was  visited  by  a  cold,  violent 
northwest  wind,  following  a  freshet  that  had  removed  the  ice  from  rivers  and  ponds.  This 
■wind  and  cold  lasted  without  interruption  for  more  than  72  hours.  The  consequence  was 
that  the  water-works  of  Camden,  Trenton,  the  East  Jersey  Water  Company,  Paterson,  New- 
ark and  Jersey  City  were  all  either  shut  off  entirely  or  sadly  diminished  in  carryinn  capacity 
by  anchor  ice.  The  48-in.  riveted  steel  conduit  of  the  East  Jersey  Water  Company,  which 
has  such  a  meter  on  it,  had  been  carryiuR  36  000  dOO  galls,  per  21  hours.  During  the  period 
of  anchor  ice  it  carried  about  23  000  000  galls,  per  24  hours.  After  the  scouring  it  got  Irom 
ice  that  entered  the  gatehouse  through  broken  screens,  and  past  screens  lifted  out  of  the 
way  to  keep  the  water  running,  it  was  found  to  carry  37  600  000  galls.  This  immediately 
fluggcstf,  as  a  safe  and  effective  way  of  cleaning  water  pipe,  to  give  them  annual  doses  of 
cracked  ice  in  liberal  quantity. 

t  Volume  xvii,  p  228. 

t  Vol.  viil,  p.  35. 

8  See  on  this  point  Merrimau's  "Treatise  on  Hydraulics,"  Art.  71. 
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Carpenter  work  at  siphon  chamber,  Figs.  8  and  9 8444  Mr.  Herschel. 

Lumber 156 

Iron  work 225 

Brass  pijies 50 

Piezometer  sleeves 500 

Piping  150 

Gauges  and  shelters 300 

$1  825 
Weirs  and  gauges  at  terminal  chamber 600 

82  425 

The  time  spent  in  taking  observations  and  making  computations 
must  have  been  not  less  than  five  months  of  three  gate-tenders  and 
four  observers  and  computers. 
For  a  moderate  estimate: 

Three  men  at  860  per  month 8900 

Four         "       875         "  1500 

Total  expenditure  for  experiments 84  825 

Instead  of  this,  a  wooden  Venturi  meter  with  brass-lined  cast-iron 
throat  piece  could  have  been  built  inside  of  the  two  48-in.  pipes,  pre- 
cisely like  the  meter  described  in  the  Journal  of  the  New  England 
Water- Works  Association,  and  each  one  furnished  with  a  register  for 
less  than  half  the  money.  The  meters  would  have  had  the  enormous 
advantage  of  continuing  their  record  indefinitely,  as  long  as  the  pipe 
lasted,  and  at  a  mere  nominal  expense  of  operation,  instead  of  having 
to  be  pulled  out,  as  had  to  l)e  done  with  the  weii's,  and  instead  of 
requiring  a  large  outlay  for  operation  while  the  weirs  remained. 

The  presence  of  a  weir  greatly  disturbs  the  hydraulic  gradient,  as 
it  necessitates  the  formation  of  a  pond  of  still  water  up  stream  from  the 
weir,  and  a  depth  of  water  flowing  over  the  weir,  on  toj)  of  this  pond, 
in  addition;  about  4j  ft.  vertical  fall  in  Fig.  17;  whereas,  a  4-ft. 
Venturi  meter,  made  to  meter  the  same  range  of  velocities  (0.5  to  7.25 
ft.  per  second),  and  to  keep  the  loss  of  head  at  a  small  amount,  would 
have  been  made  with  a  throat  area  of  about  two-ninths  the  full  area 
of  the  pipe,  and  would,  at  7.25  ft.  velocity,  have  shown  a  loss  of  head 
in  passing  the  meter  of  about  2.2  ft.  The  velocities  of  5.5  and  3.6  ft. 
mentioned  would  have  shown  a  loss  of  head  of  about  1  and  0.4  ft., 
respectively. 

The  difference  between  c  =  110  and  c  ^  140,  or  between  the  clean 
pipe  and  the  pipe  after  18  years'  use,  means  a  loss  of  head  on  1  800  ft. 
length,  due  to  tuberculation  alone,  when  v  —  7.25,  5.5  and  3.6  ft.  per 
second,  of  3,  1.7  and  0.7  ft.  respectively,  or  of  more  than  would  be 
caused  by  a  Venturi  meter. 
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Mr.  Herschel.  On  page  258  are  given  some  ' '  formulas  cliosen  for  the  present  in- 
vestigation," but  if  the  paper  teaches  anything  it  shows  that  the 
chart  of  logarithmic  homologues  had  not  been  finished,  and  its 
derivative  exponents  had  not  been  determined  before  the  pipes  ex- 
l^erimented  on  had  changed  their  cai-rying  capacity  sufficiently  to 
render  these  exponents  inai^plicable.  Looking  back  over  the  hydrau- 
lic literature  of  the  past  30  or  35  years,  it  seems  to  the  writer  that  he 
could  readily  count  ujj  at  least  twenty  different  sets  of  formulas  set  up 
during  that  time,  each  one  as  the  best  with  which  to  compute  the 
carrying  capacity  of  pipe  lines.  Nearly  each  year  sees  such  created, 
each  one  derived,  first,  from  a  penible  fitting  and  STvdnging  of  plotted 
curves  to  represent  as  well  as  they  may  certain  plotted  experiments; 
and  second,  by  means  of  one  of  the  several  mathematical  sleights  of 
hand  devised  to  convert  curves  into  formulas.  All  such  formulas  are 
delusive,  because  they  portray  only  the  discharge  of  the  pipe  or  pipes 
in  question  at  one  certain  period  of  their  life;  whereas,  it  is  more  im- 
portant now  to  get  the  discharge  of  the  same  pipe,  and  of  many  kinds 
of  pipe,  at  many  periods  of  their  life.  The  paper  is  perhaps  unique 
in  literature  on  the  subject,  as  giving  the  discharge  of  the  same  pipe 
at  an  interval  of  many  years,  and  nearly  so  as  giving  such  discharge 
before  and  after  cleaning. 

It  is  true  that  to  get  the  law  of  variation  due  to  the  different  sizes 
and  slopes  of  the  same  kind  of  pipes,  it  is  necessary  to  compare  them 
when  they  are  new  or  smooth,  but  this  seems  to  have  been  sufficiently 
attended  to.  Where  a  coefficient  for  the  same  pipe  varies  in  18  years 
from  110  to  140,  the  form  of  the  formula  becomes  of  minor  importance, 
and  the  Chezy  form  will  be  considered  by  most  engineers  as  good 
enough  lor  all  practical  purposes,  the  coefficients  being  once  closely 
determined.  Possibly  the  use  of  the  Kutter  scale  of  roughness,  or  of 
improvements  upon  that  scale,  may  eventually  make  it  easier  to  find 
the  coefficient  by  judgment  alone,  though  the  writings  of  engineers 
do  not  yet  indicate  that  a  scale  of  roughness  ia  a  materially  better  aid 
to  finding  true  coefficients  by  judgment  alone  than  a  table  of  the 
coefficients  themselves. 

It  is  easy  to  adduce  examples.  Thus,  Rudolph  Hering,  M.  Am. 
Soc.  C.  E.,  in  discussing  the  paper  by  George  W.  Rafter,  M.  Am.  Soc. 
C.  E.,  on  the  "Hydraulics  of  the  Hemlock  Lake  Conduit,"  *  takes 
Kutter's  coefficient  w,  for  36-in.  and  24-in.  new  riveted  pipe  as  0.011, 
while  he  takes  it  as  0.012  for  new  cast-iron  pipe;  when  any  tyro  in 
1896  can  compute  for  himself  that  it  should  have  been  taken  at  least 
ecjual  to  0.013  for  new  riveted  pipe;  and  when  every  beginner  also 
knows  now  that  it  is  e(iual  to  O.OK)  under  some  conditions  of  use  for 
that  kind  of  pipe.  For  a  i-ft.  pipe  laid  on  a  slope  of  2  in  1  000,  the 
difference  between  n  =  0.011  and  n  =  0.012  is  the  difference  in  the  co- 


♦  See  TrantactioM,  Vol.  xxvl,  p.  40. 


CORRESPONDENCE    ON   FLOW    OF  "WATER   IN   PIPES.  299 

efficient  between  145  and  130,  or  a  diflference  of  11.5%  in  the  discharge;  Mr.  Herschel. 
and  the  diflference  between  n  =  0.011  and  n  =  0.016  is  the  diflference  in 
the  coefficient  between  145  and  95,  or  a  diflference  of  more  than  34%  in 
the  discharge. 

Mr.  Hering  had,  in  1888,  translated  and  extended  Kiitter's  book, 
and  was  therefore  presumably  as  well  posted  in  1892  on  the  use  of 
the  Kutter  formula  as  anybody.  He  had  Mr.  Eafter's  carefully  written 
paper  before  him,  which  gave  for  the  first  time  reliable  gaugings 
of  the  Kochester  conduit,  but  m  spite  of  all  that,  the  use  of  the  Kutter 
coefficient  could  not  prevent  him  from  making  what  would  have  to  be 
counted  as  an  error  due  to  negligence,  except  for  the  facts  noted,  that 
even  in  1892  the  construction  and  computation  of  the  carrying 
capacity  of  large  riveted  conduits  was  yet  a  new  thing.  Engineers 
then  or  uj?  to  that  time  most  conversant  with  long  conduits  of  that 
kind,  had  united  in  oiainion  and  in  iJublications  on  the  subject  in 
treating  it  as  of  a  similar  degree  of  interior  roughness  as  cast-iron 
pipe,  and  also  as  not  subject  to  material  deterioration  of  interior  sur- 
face in  the  course  of  time  like  cast  iron.  So  the  record  shows,  that  in 
spite  of  the  use  of  the  Kutter  coefficient  of  roughness,  an  able  engi- 
neer like  Mr.  Hering  was,  in  1892,  legitimately  under  the  same  or  a, 
similar  delusion  with  regard  to  the  proj^er  coefficient  to  apjsly  in  com- 
puting the  carrying  ca2:>acity  of  riveted  pipe  and  with  regard  to  the 
true  carrying  capacity  of  the  Rochester  conduit,  as  the  record 
shows  a  long  line  of  eminent  and  able  engineers,  also  the  writer,  to 
have  been,  up  to  1889  or  1890.  Over  and  above  all  this,  those  who 
have  themselves  experimented  on  riveted  conduits  know  that  Kutter's 
coefficient  of  roughness  does  not  compute  a  constant  for  one  and  the 
same  pipe,  during  one  and  the  same  series  of  expei'iments.  It  varies 
sufficiently  to  cause  the  discharge  to  vary  25  or  30%  from  what  it 
would  be  on  the  assumption  of  either  of  the  two  extremes  of  degree 
of  roughness  aj^plicable  to  the  same  pipe  at  any  one  time,  this 
roughness  varying  with  the  velocity.  This  is  especially  true  in 
cases  of  a  high  range  of  velocities,  and  it  is  not  yet  i^roi^erly  deter- 
mined when  the  coefficient  c  increases  and  when  it  decreases  with  the 
velocity. 

Another  such  case  is  pointed  out  on  page  257  of  the  paper  now  under 
discussion,  by  showing  that  the  Kutter  coefficient  of  roughness  for 
tuberculated  pipe  varied  with  the  velocity  from  0.012  to  0.014,  mean- 
ing a  possible  variation  of  discharge  as  110  to  130,  or  18%,  according 
as  the  pipe  be  assumed  to  belong  to  one  category  of  roughness  or  the 
other. 

Another  such  case  is  found  on  page  141  of  Mr.  Hering's  transla- 
tion of  Ganguillet  and  Kutter's  "  Flow  of  Water  in  Eivers  and  Other 
Channels,"  where  the  Kutter  coefficient  of  roughness  varies  with  the 
velocity  from  0.0127  toO.OlfiO,  meaning  a  possible  variation  of  discharge 
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Mr.  Herscliel.  as  112  to  142,  or  "11%,  according  as  tlie  pipe  be  assumed  to  have  one 
degree  of  rougliness  or  another.* 

These  cases  shonld  be  sufficient  to  show  the  lack  of  supjjort  to  be 
derived  from  a  Kutter  coefficient  of  roughness,  in  computing  the  dis- 
charge of  a  new  kind  of  water  channel.  They  should  prove  that  a 
claim  of  increased  accuracy  to  be  derived  uniformly  from  its  use  is 
in  error,  for  a  coefficient  of  roughness  which  re^jresents  the  roughness 
of  a  pipe  as  changeable  within  a  minute  or  a  second  to  an  extent  of 
aifecting  the  discharge  25%"  and  over  is  a  misuse  of  terms,  and  is 
itself  no  better  than  the  plain  coefficient  it  endeavors  to  replace.  It 
is  Avorse,  because  one  variable  coefficient  is  better  than  two.  In  other 
words,  Kutter's  coefficient,  in  many  cases,  does  not  apply,  and  for  such 
is  worthless.  It  was  worthless  for  riveted  pipe  in  1889,  and  is  yet, 
possibly,  because  Kutter  had  not  had  sufficient  experiments  on  this 
kind  of  pipe  at  hand  to  use  in  constructing  his  empirical  formula.  It 
is  better  as  an  aid  to  an  exhibition  of  afterthought,  than  it  is  to  facili- 
tate the  exercise  of  prevision  or  of  prophecy,  unless  used  for  old  and 
tried  cases,  and  such  as  were  used  in  setting  up  the  empirical  formula. 

The  writer  is  at  this  time  in  position  to  make  experiments  on  many 
kinds  and  sizes  of  riveted  conduits.  He  is  making  such,  as  occasion 
demands,  and  has  long  intended  to  find  their  coefficients  and  to  publish 
them  in  digested  form,  when  somewhat  complete.  At  present,  the 
data  available  concerning  this  kind  of  conduit,  so  far  as  the  writer  has 
yet  seen  them  published,  are  still  too  meager  to  permit  of  aught  but 
ill-founded,  possibly  illusive,  and  mere  ephemeral  speculation  and 
discussion. 

Referring  again  to  the  exponential  formulas  of  the  paper,  there  is, 
in  the  writer's  oi^iuiou,  uo  utility,  in  the  present  state  of  the  knowledge 
on  this  branch  of  hydraulics,  in  setting  uj?  specific  formulas  to  repre- 
sent specific  ex2ieriments  or  gaugings.  As  a  diversion  li'om  the  line  of 
advance  on  which  such  studies  should  be  concentrated,  there  may  even 
be  in  it  somewhat  of  imi)ropriety. 

Toward  the  close  of  the  paper  is  this  sentence:  "  The  author  is 
particular  in  calling  attention  to  this  fact,  on  account  of  slurs  that 
have  been  cast  by  some  hydraulicians  upon  piezometric  observations." 
It  will  take  additional  observations  to  those  recorded  in  the  paper  to 
instriict  an  expectant  profession  on  the  value  and  the  true  meaning  of 
this  class  of  record  readings.  It  has  been  observed,  for  instance,  that 
piezometers  do  not  always  read  alike,  when  tapped  into  a  pipe  at  dif- 
ferent points  in  the  circumference  of  a  pipe.  This  is  noted  on  page 
248,  Vol.  XVII  of  TranmctioHS,  and  is  also  discussed  in  Merriman's 
"  Treatise  on  Hydraulics,"  Articles  70  and  84. 


*  The  gauging  bere  referred  to  is  erroneously  stated  to  have  been  made  with  a  Venturi 
meter.  It  was  made  over  weirs,  of  the  water  flowing  in  a  tube  aubsequeutly  fitted  with  a 
Veuturi  meter. 
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The  opportunity  existed  during  these  experiments  to  renew  the  Mr.  Herschel. 
inquiry  into  this  phenomenon,  to  note  which  it  would  only  have  been 
necessary  to  tap  more  than  four  piezometers  into  the  pipe  at  the  several 
stations,  and  to  take  observations  on  each  tube  sejiarately.  But  by 
tapping  four  only  and  then  connecting  the  lead  pipes  in  pairs,  the 
phenomenon,  if  it  existed  in  this  case,  must  have  been  obscured  beyond 
recognition. 

The  piezometers  described  in  the  paper  were  1  in.  in  diameter, 
which  is  an  unusually  large  size.  The  writer  introduced  the  method  of 
leading  the  orifices  from  the  pipe  into  a  pressure  chamber,  and  then 
attaching  the  gauge  tube  to  the  pressure  chamber,  and  this  method 
has  given  good  results  in  the  hands  of  other  experimenters,  but  should 
be  further  experimented  on. 

It  certainly  is  not  clear  to-day,  any  more  than  it  ever  was,  whether 
piezometer  readings  are  wholly  a  function  of  the  mean  velocity,  or 
partly,  at  least,  of  the  surface,  or  some  other  internal  velocity  of  the 
water  contained  in  the  pipe  also,  or  how  they  are  affected  by  posi- 
tion, angular  or  otherwise,  or  jierhaps  by  size,  or  just  what  is  the 
best  and  hydraulically  most  accurate  and  perfect  way  of  construct- 
ing and  placing  them,  or  what  should  be  the  standard  way  of  con- 
structing and  placing  them.  So  that  it  is  fair  to  assume,  that  much 
still  remains  to  be  sought  and  discovered  of  matters  relating  to 
piezometers. 

Desmoxd  FfizGek.axd,  M.  Am.  Soc.  C.  E. — The  only  portions  of  Mr.  FitzGeraid 
the  discussions  which  call  for  serious  attention  are  those  which  attack 
the  propriety  of  the  exponential  form  of  equation  submitted  by  the 
author.  Mr.  Bering  champions  the  Kutter  formula  warmly,  as  might 
have  been  expected  from  bis  long  and  able  work  in  connection  with  its 
use  by  American  engineers. 

The  value  of  Kutter's  work  is  appreciated  by  the  author,  who  was 
careful  to  give  the  results  of  his  experiments  in  the  Kutter  as  well  as 
the  exponential  form.  If,  however,  it  should  appear  from  recent 
gaugings  that  the  monomial  form  of  equation,  with  variable  exiionents, 
is  capable  of  a  wide  and  accurate  application,  and  that  it  is  both 
simpler  and  easier  to  use,  the  author  sees  no  reason  for  clinging 
blindly  to  any  other  formula,  no  matter  what  its  history  may  have 
been.  It  is  known  now  that  the  Chezy  formula  upon  which  Kutter's 
is  built  is  founded  upon  a  serious  error.  Resistances  do  not  vary  ex- 
actly as  the  sqiiare  of  the  velocity,  however  much  the  text  books  may 
insist  to  the  contrary. 

Mr.  Hering  believes,  however,  that  the  "  only  '"  proper  course  to 
pursue  is  to  start  with  the  Chezy  formula.  The  difficulties  met  with 
will  be  apparent  upon  a  close  perusal  of  Mr.  Bering's  graphic  de- 
scription. 
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Mr.  FitzGerald  As  early  as  1850  M.  Barre  de  Saint-Yenanf^  proposed  a  formula 
with  two  arbitrary  constants  which  he  attempted  to  ascertain.  From 
the  data  then  existing  he  found  the  index  of  the  velocity  to  which  the 
resistances  were  proportional  to  be  1.71  instead  of  2.0  in  the  Chezy 
formula.  It  is  known  now  that  1.71  is  a  very  low  index  and  represents 
an  extraordinary  degree  of  smoothness  in  the  channel,  corresponding 
to  tin  plate. 

Is  it  an  "  impropriety  "  to  turn  backward  to  the  exponential  form? 
The  future  must  of  course  determine  this.  Its  introduction  in  the 
l^aijer  was  done  at  least  after  long  deliberation,  and  before  condemn- 
ing it  the  author  asks  the  student  of  hydraulics  to  study  carefully  the 
works  of  Saint-Venant,  Hagen,  Reynolds,  Unwin  and  Foss.  The  last 
has  shown  that  a  number  of  trustworthy  gaugings  of  cast-iron  pipes 
give  1.88  as  the  exponent  fitting  closely  the  exj)eriments  on  clean  pipes, 
w^hatever  their  size  or  inclination. 

The  author  found  1.01  in  his  exijeriments,  and  Prof.  Unwin  de- 
duced 1.95  from  his  examinations.  If  it  be  true  that  a  coefficient  of 
roughness  can  be  found  which  is  constant  for  any  given  surface,  what- 
ever the  slope,  size  and  shape  of  the  channel,  then  a  valuable  ally 
has  been  found  whose  acquaintance  it  is  important  to  cultivate.  It 
seems  to  the  author  that  it  must  be  as  easy  for  an  engineer  to  use  a 
monomial  formula  with  an  exponent  which  can  be  varied  to  suit  the 
varving  conditions  of  roughness  of  channel  as  to  apply  the  more  com- 
plicated method  of  Kutter. 

If  Mr.  Herschel's  optimistic  statements  in  regard  to  the  Venturi 
meter  are  correct,  then  he  is  to  be  congratulated  upon  this  remarkable 
revolution  which  has  already  relegated  the  weir  to  obscurity.  Still 
the  author  is  not  persuaded  that  he  would  have  done  better  to 
use  the  meter  in  these  particular  experiments.  It  would  have  been 
impossible  to  carry  the  velocities  to  over  7  ft.  per  second,  as  was  done 
with  the  arrangement  of  weirs,  and  perhaps  it  might  have  been  desira- 
ble to  rate  the  meter  by  means  of  the  weir.  As  far  as  the  cost  of  the 
experiments  is  concerned,  the  author  wrote  Mr.  Herschel  that  it  would 
have  been  furnished  to  him  had  it  been  possible  without  much  time 
and  trouble.  The  work  was  carried  on  almost  entirely  by  the  regular 
maintenance  force,  and  there  seemed  no  sufficient  reason  to  justify  an 
investigation  into  the  exiiense. 

The  author  hopes  that  whatever  this  may  have  been,  the  results 
may  prove  of  value  to  the  profession.  Mr.  Gould  seems  to  be  uncertain 
on  this  point.  The  author  is  very  sorry  that  the  IH-in.  pipes  discharged 
so  much  more  water  than  Mr.  Gould  seems  to  think  they  should  have 
done.  It  is  to  be  honied  that  notwithstanding  that  gentleman's  faith 
in  the  Darcy  formula,  he  will  not  worry  himself  very  much  over  fearing 

•  CompUt  Rendus  Hebdomadairtt  del  Siancet  de  I'Acadimie  des  Sciences,  Paris,  XXXI,  1860, 
pp.  283-6,  581-3;  Annalet  det  Mine*,  XX,  1851  (4ine  Series),  Vol.  61,  ruuuiug  uiimber. 
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* '  that  dangerous  generalizations  may   arise  from  these  experiments. "  Mr.  FitzGerald 
Heights  of  the  water  in  the  gate  chambers  were  i^roperlv  recorded  and 
will  be  furnished  Mr.  Gould  on  application. 
Mr.  Herschel  savs: 

"  If  the  paper  teaches  anything  it  shows  that  the  chart  of  loga- 
rithmic homologues  had  not  been  finished  and  its  derivative  exponents 
had  not  been  determined  before  the  jjipes  experimented  on  had 
changed  their  carrying  capacity  suflBciently  to  render  those  exjionents 
inapi)licable. " 

This  is  rather  a  formidable  way  of  saying  that  if  the  flow  through 
a  pipe  is  measured,  the  calculations  are  hardly  cold  before  the  carrying 
capacity  of  the  pipe  has  diminished  by  tuberculation.  The  value  of 
this  remark  lies  in  its  application. 

In  answer  to  the  criticism  upon  the  piezometers,  the  author  can  only 
ask  Mr.  Herschel  to  study  the  agreement  between  the  readings  of  the 
piezometers,  whether  deduced  from  the  tube  piezometers  lying  flat 
upon  the  bottoms  of  the  pipes  or  those  screwed  into  the  sides  of  the 
pipes.  It  was  no  jjart  of  the  problem  to  determine  the  efiiect  of  piezom- 
eters set  at  angles  to  the  flow  of  the  stream,  which  has  already  been 
done  by  other  experimenters. 

Mr.  Weston  defends  the  Darcy  formula  with  ability.  As  long  as 
that  formula  gives  results  upon  the  safe  side  no  one  is  hurt,  but  is  it 
desirable  to  apjily  a  formula  to  the  discharge  of  a  large  clean  main 
which  really  gives  the  discharge  of  an  old  and  tuberculated  main  ?  Is 
it  not  misleading  and  liable  to  obscure  the  important  fact  that  the  car- 
rying cajaacity  of  a  pipe  decreases  rapidly  with  the  changes  which  take 
place  in  the  nature  of  the  wetted  jierimeter  as  the  pipe  ages  ? 

The  following  information  is  in  answer  to  questions  asked  by  Mr. 
Hawks.  It  is  true  that  the  circle  of  tubercles  disclosed  by  the 
photograph  is  at  a  joint.  The  aiithor,  however,  does  not  think 
that  the  joints  generally  showed  this  effect.  Some  of  the  tubercles 
were  half  an  inch  in  height,  but  no  blistering  was  noticed.  The 
author  does  not  know  how  well  a  rattler  would  work  in  removing 
tubercles. 

A  volume  might  be  written  upon  the  subjects  suggested  by  Mr. 
Rafter.  It  is  true  that  the  coal  tar  used  in  coating  cast-iron  jjipes  is 
very  carelessly  applied  in  some  foundries.  There  is  ample  room  for 
reform  in  this  direction.  Much  more  attention  should  be  given  to  the 
lining  or  coating  of  pipes.  In  the  case  of  large  mains  the  author  has 
frequently  noticed  great  ridges  or  concentric  rings  in  the  interiors  and 
he  has  some  tine  photographs  which  show  this  common  fault.  The 
rings  are  caused  by  the  impressions  made  in  the  soft  clay  cores  by 
the  process  of  leading,  where  the  leading  is  done  by  hand  with  a 
large  brush.  The  general  lack  of  smoothness  in  the  interiors  of 
mains  and  the  careless  coating  of  the  piijes  after  they  are  cast  are  ex- 
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Mr.  FitzGerald  pensive  additions  to  the  f rictional  resistances  and  consequent  losses  of 
head. 

An  experiment  recently  made  by  the  author  on  a  new  36-in.  main 
a  mile  in  length  gave  v  =  136  {R  ly  for  a  velocity  of  about  4.7  ft.  per 
second.  It  forms  jiart  of  a  series  of  measurements  on  this  pipe  at 
different  velocities. 
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By  F.  p.  Spauding,  Foster  CEO-wTiLi.,  T.  G.  Dabney,  B.  M.  Harrod, 
W.  G.  Price,  Charles  H.  Miller,  H.  St.  L.  Coppee,  J.  B. 
Johnson,  Arthvr  Hider,  C.  McD.  Townsend  and  William 
Starling. 

F.  P.  Spalding,  M.  Am.  See.  C.  E. — It  must  be  apparent  to  any  Mr.  Spalding, 
one  who  has  given  much  attention  to  the  phenomena  presented  by  the 
flow  of  the  Mississippi  River  that  the  conditions  are  so  variable  and  the 
data  apparently  so  discordant  as  to  make  any  attempt  to  reduce  them 
to  order  or  to  deduce  any  general  laws  concerning  the  flow  an  almost 
impossible  task.  Undoubtedly  the  laws  governing  the  flow  of  water 
are  the  same  for  the  Mississippi  as  for  any  other  stream.  This,  how- 
ever, does  not  imply  that  the  formulas  for  flow  of  streams  as  deduced 
from  observations  on  a  small  scale  are  even  approximately  ajjplicable 
to  this  case. 

Much  time  has  been  wasted  in  vain  attempts  to  fit  the  ordinary  for- 
mula V  =^c'\/  r s,  with  a  coefficient  which  shall  make  it  applicable  in 
all  cases.     Notwithstanding  the  great  value  to  hydraulic  science  of 

*  "The  Discharge  of  the  Mississippi  River,"  by  William  Starliog,  M.  Am.  Soc.  C.  E., 
Trantactions,  Vol.  xxxiv,  p.  347. 
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Mr. .Spalding.  niariT  of  these  labors,  and  notwithstanding  the  value  of  the  formulas 
themselves  for  use  in  general  hydraulic  work,  they  still  are  quite  use- 
less when  applied  to  the  Mississippi,  and,  in  general,  would  be  more 
accurate  and  better  for  general  use  if  the  Mississippi  gaugings  were  not 
included  in  their  derivations.  The  common  formula  v  =  c  \^  r  s  is 
based  upon  the  assumption  of  a  uniform  flow  at  the  section  considered; 
that  is,  upon  the  absence  of  any  accelerating  force,  which  requires  that 
the  water  shall  have  flowed  for  a  sufficient  distance  in  a  channel  of 
uniform  section  to  attain  a  state  of  equilibrium  between  the  accelerat- 
ing and  retarding  forces,  a  condition  which  is  probably  very  rarely, 
if  ever,  ajajDroached  by  the  Mississippi. 

The  vahie  of  s  in  this  formula  is  necessarily  that  of  the  surface  in 
the  immediate  vicinity  of  the  section  under  consideration,  if  the  flow 
is  to  be  uniform  under  the  action  of  forces  due  to  that  slope  at  the  in- 
stant of  ijassing  the  section.  The  use  of  this  slope  in  computing  dis- 
charge by  the  formula  often  gives  the  wildest  and  most  unsatisfactory 
,  results.     In  some  cases,  as  stated  in  the  paper,  the  slopes  may  even  be 

negative,  giving  by  the  calculation  a  flow  in  the  ojJiDOsite  direction 
from  that  actually  occurring. 

The  use  of  any  formula  involving  slope  for  so  large  a  stream  is  apt 
to  be  misleading  and  unsatisfactory. 

The  author  suggests  a  method  of  estimating  flow  from  gauge  heights, 
and  it  seems  reasonable  to  suppose  that  an  approximate  idea  may  be 
formed  in  this  way  of  the  probable  quantity  of  water  which  may  pass 
at  a  given  gauge  reading,  or,  on  the  other  hand,  of  the  probable  height 
on  the  gauge  which  will  be  due  to  a  given  flow.  This  method  is  cer- 
tainly preferable  to  the  slope  formula,  but  it  is  to  be  rememberetl  that 
these  estimates  at  best  are  very  rough  approximations,  and  that  indi- 
vidual instances  will  difier  widely  from  the  averages  iised.  Whether 
the  river  is  rising  or  falling,  the  duration  of  the  flood  stage  and  the 
amount  of  silt  carried  will  affect  the  result. 

The  determination  of  the  height  to  which  the  water  in  the  lower 
river  would  rise  if  it  were  confined  is  therefore  a  very  difficult  prol)- 
lem,  and  the  estimates  which  have  been  announced  for  probable  max- 
imum flood  height  under  such  circumstances  are  all  to  be  taken  with 
a  grain  of  salt.  The  Mississippi  has  a  way  of  adjusting  itself  to  cir- 
cumstances and  of  modifying  its  bed  to  suit  changed  conditions  which 
make  it  reasonable  to  believe  that  the  estimates  tpioted  in  the  paper 
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may  be  somewhat  excessive,  and  that  the  effect  of  entirely  controlling  Mr.  Spalding, 
the  floods  would  be  a  smaller  increase  in  flood  height. 

In  regard  to  the  matter  of  rating  meters,  it  is  at  least  doubtful 
whether  any  additional  accuracy  is  secured  by  abandoning  the  straight- 
line  formula  for  ratings  and  using  the  curve.  The  fact  that  the  rat- 
ings would  form  a  curve  when  plotted  is  not  a  new  discovery,  as  many 
observers  have  been  in  the  habit  of  plotting  them  for  a  number  of 
years,  although  using  the  straight-line  formula.  The  straight  line 
may,  for  the  range  of  velocities  commonly  met  in  practice,  be  made  to 
fit  the  ratings  within  the  limits  of  the  ordinary  errors  of  observation, 
and  thus  introduces  no  appreciable  error  into  the  results.  Increased 
accuracy  in  discharge  measurements  must  be  obtained,  if  obtained  at 
all,  by  imjjroving  the  methods  of  taking  the  observations,  and  not  by 
introducing  greater  refinements  in  computation. 

Foster  Ckowell,  M.  Am.  Soc.  C.  E. — With  such  a  voluminous  paper  Mr.  Crowell. 
as  that  presented  by  the  author,  it  is  difficult  to  single  out  parts  for 
brief  discussion.     There  are,  however,  three  points  which  should  be 
emphasized.     The  first  is  the  inapplicability  of  the  Humphreys  and 
Abbot  formula  to  general  use  in  the  gauging  of  rivers.     The  author 
clearly   states   the  reasons   for  this — reasons   which    do  not   appear 
to  have  been  generally  understood  by  hydraulicians.     For  instance, 
Ganguillet   and    Kutter    remark   of   it :    "  The   American   formula  is 
specially  adapted  to  streams  with  a  gentle  slope,  and  is  not  to  be 
recommended  for  general  apj)lication.     Nevertheless,  it  is  the  outcome 
of  most  important  studies,  and  will  always  retain  its  high  value  in  its 
own  field."     As  a  matter  of  fact,  it  is  of  value  only  when  used  precisely 
in  the  conditions  it  was  framed  to  suit.    But  for  the  erroneous  assump- 
tion to  which  the  author  refers,  it  would  correctly  represent  a  par- 
ticular case.     It  has  already  been  demonstrated  that  it  gives  velocities 
entirely  too  small  for  streams  of  steep  slope,  and  for  streams  of  flat 
slope  its  results  vary  with  the  hydraulic  mean  depth,  probably  ap- 
proximating nearest  to  correctness  when  the  latter  is  about  sixteen. 
The  second  point  is  in  regard  to  the  inaccuracy  and  unreliability  of  the 
forms  of  current  meter  that  have  heretofore  been  employed.     They 
are,  as  the  author  has  stated,  inaccurate,  both  as  machines  and  in  their 
use.     The  writer  would  point  out  in  this  connection  the  importance  of 
selecting  properly  the  gauging  places  in  a  stream,  so  as  to  avoid  the 
sources  of  error  contained  in  deflected  currents,  for  which  purjiose  a 
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Mr.  Cro-weU.  separate  set  of  experiments  upon  the  direction  of  local  currents  at 
different  depths  should  be  made  before  the  current  is  metered.  The 
third  point  is  in  regard  to  the  effect  of  viscosity  ujion  the  flow  of 
muddy  streams,  to  which  the  author  appears  to  attach  slight  import- 
ance. In  the  writer's  oi3inion,  here  is  a  fertile  field  for  important  in- 
vestigation, and  he  hopes  at  some  future  day  to  be  able  to  contribute 
some  results  of  researches  in  that  direction.  Between  pure  water  and 
thick  mud  there  would  be  a  wide  range  of  velocity  for  a  given  slope, 
and  the  effect  jaroduced  by  the  jsresence  of  even  a  small  proportion 
of  muddy  matter  cannot  be  disregarded.  This  question  is  intimately 
connected  with  the  movement  of  sand  and  gravel,  which  movement 
requires  work  to  be  done  by  the  stream,  reducing  its  energy  and 
velocity. 

Mr.  Dabney.  T.  G.  Dabney,  Esq.* — The  subject  discussed  by  the  author  is  of 
the  utmost  importance  to  engineers  engaged  in  the  practical  solution 
of  the  Mississippi  River  problem,  and  the  paper  is  a  most  valuable 
literary  contribution  to  the  efforts  in  the  field.  It  represents  the  re- 
sults of  a  great  degree  of  skill  and  industrious  research  in  the  treat- 
ment of  a  vast  collection  of  heterogeneous  data,  full  of  anomalies,  real 
or  apparent,  from  which  chaotic  store  of  materials  rational  laws  and 
valuable  practical  conclusions  have  been  extracted  with  great  ingenuity 
and  patience.  It  may  be  further  said  that  the  paper  presents  in  thor- 
oughly digested  form  that  which  is  of  practical  value  in  the  voluminous 
and  more  or  less  confused  records  of  observations  of  Mississippi  River 
phenomena,  placing  it  in  available  shape  for  convenient  use  by  river 
engineers.  The  principal  object  of  this  laborious  investigation  is  em- 
bodied in  the  following  paragraph  from  the  paper: 

"  The  immediate  object  is  to  find  out,  first,  what  was  the  greatest 
actual  discharge  that  ever  passed  down  the  Mississippi;  *  *  *  and, 
second,  what  height  would  such  a  flood  have  reached  on  the  gauges  of 
the  several  stations  if  it  had  all  been  restrained  between  banks  and 
levees.  Better  than  all  would  it  be  to  find  out  the  general  law  regu- 
lating the  relations  of  the  discharge  to  the  gauge,  so  that  it  would  be 
possible,  not  only  to  ascertain  the  height  corresponding  to  the  maxi- 
mum discharge,  but  to  any  discharge,  at  any  time,  past,  present  or 
future.  This  last  quest  is  the  philosopher's  stone  of  the  river 
engineer." 

In  summing  up  his  final  results,  the  author  recognizes  the  futility 
of  attempting  a  complete  answer  to  a  problem  so  full  of  comjjlexities, 
*  Chief  Engineer  Yazoo-MlsBisslppi  Delta  Levee  DiBtriot. 
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and  contents  himself  with  a  determination  of  the  maximum  discharge  Mr.  Dabney. 
at  a  single  station,  Arkansas  City,  as  being  1  735  000  cu.  ft.  per  second, 
and  the  year  of  maximum  discharge  as  being  1882,  with  the  extreme 
gauge  height  which  such  a  discharge  would  have  jiroduced  at  that 
station  as  being  55.8  ft.  if  confined  between  levees.  The  admitted  im- 
perfections in  the  methods  and  api)liances  available  for  making  dis- 
charge measurements  in  such  a  stream  as  the  Mississippi  Kiver  forbids 
the  acceptance  of  actual  figures  with  entire  confidence,  but  it  is  prob- 
able that  comparative  results  are  in  the  main  correct,  and  that  the  con- 
clusion as  to  the  period  of  greatest  discharge  may  be  relied  upon  as 
true.  What  is  of  much  more  i3ractical  imi^ortance,  it  is  probable  that 
the  conclusion  regarding  the  gauge  reading  for  the  maximum  discharge 
is  correct  within  a  narrow  margin.  The  writer  is  inclined  to  believe 
that  this  conclusion  is  rather  under  than  over  the  truth. 

There  is  only  one  position  taken  by  the  author  in  his  discussion  of 
Mississippi  River  jshenomena  upon  which  the  writer  ventures  to  offer  a 
criticism.  The  author  assumes*  an  alternative  scour  in  the  jjools  and 
fill  on  the  bars  at  high  stages  of  the  river,  with  a  reversal  of  these  condi- 
tions at  low  or  on  a  falling  water.  While  this  is  true,  it  fails  to  state 
the  whole  truth.  It  is  a  well-known  fact  that  very  large  quantities  of 
material  are  deposited  on  the  bars  during  high  water,  but  it  is  a  mis- 
take to  suppose  more  than  a  small  proportion  of  it  comes  from  the 
bottom  of  the  pools.  The  river  at  high  stages  loads  itself  to  its  maxi- 
mum carrying  capacity  with  material  taken  from  the  caving  banks  in 
the  concave  bends,  and  this  would  seem  to  be  the  source  from  which 
by  far  the  greater  part  of  the  mass  which  constitutes  the  high- water 
fill  on  the  bars  is  derived.  It  follows  then,  if  this  be  true,  that  the 
jjrevention  of  bank  caving  would  result  in  a  greatly  diminished  depo- 
sition on  the  bars,  simply  from  lack  of  material  carried  by  the  current. 
It  is  true  that  wherever  caving  is  checked,  either  by  artifical  jjrotection 
or  natural  resisting  powers  of  the  river  bank  itself,  the  susi)ensiou  of 
the  lateral  movement  of  the  channel  is  accompanied  by  a  transference 
of  current  energy  from  the  side  to  the  bed  of  the  river,  resulting  in 
vigorous  vertical  scour.  This  movement,  however,  soon  reaches  its 
limit,  and  the  quantity  of  material  eroded  from  the  river  bed  is  insig- 
nificant as  compared  with  the  enormous  masses  dislodged  from  rapidly 
caving  banks.     The  principal  efficacy  of  bank  protection,  as  a  means 

*  See  Trantactions,  Vol.  xxxiv,  p.  428. 
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Mr.  Dabney.  of  regulating  the  river's  regimen  and  correcting  its  numerous  evil 
features,  depends  uj^on  these  conditions. 

A  large  diminution  of  the  material  available  for  deposit  on  the  bars 
should  at  once  result  in  a  marked  increase  of  high-water  depths,  a 
result  which  ought  to  be  promoted  still  further  by  the  capacity  for 
erosion  of  a  volume  of  water  with  high-water  energy  and  a  deficient 
load,  suggesting  the  probability  of  an  increase  of  the  bar  depths  by 
direct  as  well  as  negative  agency.  These  conditions  should  result  in  a 
general  tendency  toward  diminishing  the  disparity  between  the  dejjths 
on  the  bars  and  in  the  pools  at  all  stages,  with  the  manifest  results  of 
imjDroved  navigation  facilities  and  a  lower  high-water  plane. 

Mr.  Harrod.  B.  M.  Hareod,  M.  Am.  Soc.  C.  E. — The  paper  is  a  full  and  fair  ex- 
position of  the  difficulties  of  river  discharge  measurements  on  a  large 
scale.  Probably  these  are  greater  on  the  Mississijspithan  on  any  other 
stream  where  gaugings  have  been  attempted;  at  any  rate,  as  observa- 
tions of  this  character  have  been  continued  there  longer  and  more 
systematically  than  elsewhere,  the  difficulties  have  been  more  fully 
disclosed,  both  as  regards  natural  conditions  and  the  methods  and  ap- 
paratus employed. 

This  river  has  a  width  below  Cairo  varying  from  2  500  to  6  000  ft. , 
omitting  extremes.  Its  low-water  depth  is  from  6  to  50  ft.  at  the 
bars  and  pools  respectively,  and  its  range  from  low  to  high  water  is 
40  or  50  ft.  Velocities  of  15  ft.  per  second  have  been  measured.  Its 
curvature  is  very  great,  even  for  an  allu\-ial  stream,  giving  a  midstream 
distance  of  960  miles  from  Cairo  to  New  Orleans,  while  the  direct  dis- 
tance is  less  than  500  miles;  consequently  the  flow  is  indirect,  crossing 
about  175  times,  from  bank  to  bank,  in  this  distance.  These  crossings 
may,  at  low  stages,  be  nearly  at  right  angles  to  the  trace  of  the  stream. 
There  are  vertical  eddies,  termed  boils  or  Avhirls  according  as  their 
movement  is  upwards  or  downwards,  which  have  sufficient  energy  in 
extreme  cases  to  raise  or  depress  the  surface  about  a  foot.  The  cur- 
rent carries  in  suspension  sand  of  various  degrees  of  coarseness,  small 
roots  and  other  trash,  and  on  the  surface,  drift,  which  is  very  heavy 
at  the  higher  rising  stages. 

The  difficulties  of  gauging  the  discharge  are  due  to  the  magnitude 
of  the  stream  and  its  turbulence,  the  horizontal  and  vertical  indirect- 
ness of  the  currents,  the  rapidity  of  its  changes,  and  the  sand  and 
foreign  substances  which  it  transijorts. 
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Evidently  the  accuracy  of  a  discharge  observation  increases  with  Mr.  Harrod. 
the  number  of  stations  on  the  selected  section,  and  the  length  of  time 
each  of  these  stations  can  be  occupied.  On  the  other  hand,  since  the 
stage,  cross  section,  slope,  velocity,  and  consequently  the  discharge, 
may  be  constantly  and  rapidly  changing,  the  observation  should  be 
concluded  in  the  least  possible  time.  It  seems  reasonable  under  these 
conflicting  demands,  that  for  the  best  results  an  entire  discharge  ob- 
servation should  be  accomplished  during  a  single  working  day. 
Within  this  limit,  all  possible  detail  should  be  crowded. 

Discharge  observations  have  been  of  two  classes  on  the  Mississippi. 
Whenever  certain  conditions,  generally  of  high  or  low  water,  occur, 
which  promise  important  results,  local  observations  are  made  along 
those  parts  of  the  river  where  the  greatest  amount  of  work  is  being 
done,  or  where  the  greatest  changes  are  expected.  Again,  a  series  of 
stations  have  been  selected  on  several  occasions  for  occupation  for  an 
entire  year.  This  latter  system  would  give  the  best  results  under 
favorable  conditions,  because  the  entire  movement  from  low  to  high 
water  and  back  again,  over  the  whole  river,  would  be  observed  by 
specially  organized  and  practiced  parties  using  similar  instruments 
and  methods.  As  such  an  organization  must  be  determined  on  some 
time  in  advance,  and  as  its  cost  is  from  S75  000  to  §100  000,  and  as  the 
year  selected  may  not  prove  eventful  in  the  sense  of  there  being  ex- 
tremely high  or  low  water,  the  undertaking  involves  risks  and  there- 
fore has  not  been  repeated  as  often  as  is  desirable. 

The  discussion  between  double  floats,  rods  and  meters  is  still  open, 
and  the  writer  does  not  propose  to  close  it.  On  the  Mississippi,  the 
merits,  defects,  and  particularly  the  limitations  of  the  two  former  de- 
vices, are  well  ascertained.  While  their  demands  on  the  intelligence 
of  the  observer  are  less  than  those  of  the  meter,  they  are  not  less  on 
his  care  and  conscientiousness.  With  double  floats  not  only  may  the 
sub-float  be  raised  several  feet,  as  noticed  in  the  paper,  but  the  sur- 
face float  may  be  submerged,  as  the  vertical  eddy  in  which  they  are 
involved  is  moving  upward  or  downward.  The  ways  of  the  lower 
float  may  be  as  devious  and  obscure  as  those  of  the  meter,  giving  all 
sorts  of  relations  to  its  surface  companion.  With  the  rod  the  small 
part  of  the  depth  which  its  limited  length  can  integrate,  and  the 
doubtful  and  varying  relations  between  velocities  and  dejiths  leave 
much  uncertainty  in  its  results. 
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Mr.  Harrod.  These  two  instruments  are  so  simple  and  liave  been  in  use  for  so 
long  a  time  ■without  material  change  that  it  is  hard  to  see  how  th«T  can 
be  made  more  useful  on  the  Mississippi.  While  the  meter  is  much 
more  complicated,  its  evolution  is  of  recent  date  and  is  still  going  on. 
The  exigencies  of  the  Mississippi  Eiver  service  have  led  to  a  form  which 
withstands  hard  usage,  has  bearings  protected  against  sand  and  grit, 
and  is  not  readily  encumbered  by  small  roots,  leaves  and  other  trash, 
but  is  still  highly  sensitive.  It  certainly  requires  great  care  and  skil- 
ful manipulation.  Its  failure  to  record  the  direction  of  currents  as 
well  as  their  velocities  is  a  serious  defect,  which  is,  however,  shared 
in  a  degi-ee  by  both  double  floats  and  rods.  Should  the  direction 
meter  which  is  now  being  introduced  prove  adajjtable  to  the  condi- 
tions in  the  Mississippi  River,  it  would  appear  that  there  is  hope  for 
progress  in  the  art  of  gauging  great  streams  in  the  perfecting  of  this 
instrument  and  its  expert  use. 

It  seems  probable  that  greater  use  of  the  method  of  integration, 
both  vertically  and  transversely,  would  detect  movements  which  are 
likely  to  escaj^e  the  observations  ordinarily  made,  and  eliminate  errors 
which  may  be  involved  in  an  assumption  of  fixed  relations  between 
velocities  at  diflferent  points  in  a  cross-section. 

The  part  of  the  subject  discussed  on  pages  420  and  422*  of  the 

paper  is  of  extreme  interest.     Selecting  the  year  1887,  "because  it  was 

not  a  year  of  very  great  flood,  nor,  therefore,  of  great  disturbance  of 

high-water  conditions,  and  because  it  was  a  year  of  very  low  water," 

and  also  because  sufficient  levee  building  had  not  then  been  done  to 

affect  materially  the  characteristics  impressed  on  the  river  during  its 

long  unleveed  condition,  the  range  from  low  to  high  water  at  the  mouths 

of  the  tributaries  and  at  intermediate  iioints  is  found  to  be  as  follows: 

Cairo 46.35     Mouth  of  the  Ohio  Eiver. 

Belmont 40.99 

New  Madrid 37.14 

Fulton 32.38 

Memphis 34. 10 

Helena 46. 15     Mouth  of  the  St.  Francis  River. 

Mouth  White  River .  44.25 

Arkansas  Citv 46.35    First  gauge  below  the  Arkansas  River. 

Cireenville  .  .\ 38.95 

Lake  Providence      .  36.48 

Yicksljurg 48.61     Mouth  of  the  Yazoo  River. 

Natchez 43.45 

Mouth  Red  River. ..  42.53  

•  Vol.  xxxlv,  Transactions. 
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Bars^witli  6  to  8  ft.  of  water  recur  witli  sufficient  frequency  to  make  Mr.  Harrod. 
the  low-water  surface  conform  to  the  general  shape  of  the  bed.  In 
plotting  the  high  and  low-water  surfaces,  it  is  clearly  observable  that 
the  former  present  a  more  regular  curve,  and  that  the  irregularities 
of  "the  latter  consist  of  depressions  at  and  about  the  mouths  of  the 
tributaries,  with  elevations  at  intermediate  points. 

If  the  beds  of  sedimentary  streams  are  self-regulated,  as  is  stated 
by  the  author  and  generally  accejjted  by  engineers,  then  the  varia- 
tions of  discharge  between  parts  of  the  river  where  it  is  augmented  by 
the  volume  of  the  tributaries  and  the  return  of  the  overflow,  and 
those  parts  where  it  is  depleted  by  escape  into  the  basins,  may  be  rea- 
sonably accepted  as  a  cause  of  the  depression  of  bed  where  the  dis- 
charge has  been  habitually  increased,  and  of  the  elevation  of  bed 
where  loss  by  overflow  has  been  unchecked  for  a  long  period  of  time. 
If  this  relation  of  cause  and  effect  exists,  then,  if  the  discharge  is 
confined  to  the  bed  and  not  allowed  to  escape  over  the  banks,  and  is 
thus  made  uniform  throughout  the  length  of  the  river,  with  the  excep- 
tion of  the  additions  from  the  drainage  from  the  tributaries,  the  bed 
should  become  quite  uniform  in  depth  and  cross-section,  with  an  in- 
crease below  each  tributary,  proportioned  to  its  discharge. 

The  confinement  of  the  high-water  discharge  to  the  bed  is  now 
being  effected  by  levees  on  some  parts  of  the  river.  These  artificial 
banks  have  not  yet  the  height  necessary  to  restrain  the  greatest  floods, 
but  since  1891  they  have  been  able  to  hold  them  at  a  considerably 
greater  height  than  ever  before.  It  is  important  to  ascertain  if  this 
increased  restraint  of  flood  discharge  is  j)roducing  the  eff'ect  antici- 
pated. At  present  there  is  no  conclusive  evidence  on  this  question, 
but  the  indications  are  that  the  deposits  between  tributaries  are 
being  removed  l)y  the  gi-eater  uniformity  of  flood  discharge  caused  l)y 
the  prevention  of  overflow.  Where  levees  have  been  improved  and 
the  flood  discharge  increased,  its  height  is  not  proportionately  raised. 
The  eflect,  so  far,  seems  to  be  divided  between  a  higher  surface  and  a 
lower  bed. 

If  a  general  summary  is  made  of  the  gauge  records  from  1882  to 
1894  inclusive,  they  can  be  classified,  as  regards  time,  into  two  di- 
visions, from  1882  to  1890,  and  from  1891  to  1894.  They  may  also  be 
divided  locally,  from  Cairo  to  Helena,  and  from  the  White  to  the  Red 
Kiver.     This  division  in   time  agrees  substantially  with  the  beginning 
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Mr.  Hanod.  of  effective  levee  progress,  and  the  division  in  locality  is  between  those 
parts  of  the  river  which  are  unleveed  or  leveed  on  both  sides.  If,  with 
these  divisions  in  mind,  the  mean  of  the  low  waters  over  the  entire 
period,  from  1882  to  1894  is  considered,  it  will  be  observed  that  for  the 
years  since  1890  they  were  lower  through  the  entire  river  below  Cairo 
than  in  the  earlier  years;  but  it  will  be  observed  further  that  while  the 
mean  relative  depression  where  no  effective  extension  of  the  levee 
system  is  yet  made,  or  from  Cairo  to  Heleca,  is  2.89  ft.,  from  the  White 
to  the  Red  Eiver,  where  greater  levee  progress  has  been  made,  the 
depression  is  4.46  ft.,  or  1.57  ft.  more. 

If  the  mean  of  the  low  waters  of  the  years  previous  to  1891  are 
compared  with  the  low  water  of  1894,  it  appears  that  while  the  relative 
depression  in  the  latter  year  in  the  upj^er  or  unleveed  part  of  the  river 
was  4.88  ft.,  in  the  lower  or  leveed  part  it  was  7.41  ft.,  or  2.53  ft.  more. 

The  period  during  which  the  river  has  been  the  subject  of  observa- 
tion and  work  is  too  short  to  give  definite  conclusions,  but  the  ten- 
dency shoT\-n  in  the  foregoing  statement,  and  by  other  indications,  is 
quite  marked  for  the  limited  time  considered. 
Mr.  Price.  W.  G.  Price,  M.  Am.  Soc.  C.  E. — In  the  work  of  measuring  the 
discharge  of  a  great  river  most  of  the  errors  are  probably  due  to 
eddies  and  cross-currents,  and  to  a  lack  of  skill  on  the  part  of  the  ob- 
server. Discharge  sections  should  be  located  where  the  flow  is  most 
uniform.  A  section  near  the  lower  end  of  a  straight  reach  will  gene- 
rally give  better  results  than  one  just  below  abend.  Much  inaccurate 
work  has  been  due  to  imperfect  meter  ratings.  After  a  meter  was 
rated,  the  observer  had  no  way  of  testing  his  work,  except  to  rate  it 
again,  and,  owing  to  a  lack  of  skill,  no  two  ratings  were  alike.  There 
is  a  method  of  comparing  meter  ratings  which  is  a  practical  test  of  the 
accuracy  of  the  work,  and  is  as  follows:  All  the  ratings  of  a  meter, 
when  reduced  to  revolutions  of  the  wheel  per  second,  and  velocity  in 
feet  per  second,  and  plotted  on  co-ordinate  paper,  should  give  parallel 
curves.  The  distance  these  curves  lie  apart  depends  entirely  upon  the 
friction  of  the  bearings  of  the  meter  wheel  at  the  time  the  ratings  were 
made.  When  a  meter  has  been  rated  so  tliat  the  curve  has  lieen  accu- 
rately determined,  all  subsequent  ratings  should  give  the  same  curve 
or  parallel  curves,  unless  the  m^ter  has  been  alterednn  shape.  If  the 
friction  of  the  bearings  only  has  changed,  the  curves  will  lie  apart 
from  each  other,  but  they  will  remain  parallel.     A  slight  change  in  the 
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shape  of  a  meter  wli6el  makes  only  a  very  slight  change  in  the  curve.  Mr.  Price. 
Accurate  ratings,  made  by  the  writer  at  different  places  and  by  different 
methods,  of  seven  meters  of  the  same  size  and  kind,  gave  curves  which 
were  as  nearly  parallel  as  they  could  be  plotted.  The  distance  from 
the  origin  at  which  the  rating  curve  intersects  the  axes  of  ordinates 
represents  the  friction  of  the  bearings,  and  by  trial  in  still  water  the 
wheel  will  begin  to  turn  when  the  meter  is  moving  at  a  velocity  only  a 
trifle  greater  than  the  intercept  on  the  axis  of  ordinates  obtained  by  a 
careful  rating. 

Several  ratings  of  meters  on  the  lower  Mississippi,  which  were  re- 
duced on  the  assumption  that  a  rating  could  be  expressed  by  the  equa- 
tion 7/=:cuv  -\-  b,  have  determined  6  to  be  a  miniis  quantity.  If  this 
result  were  true,  these  meters  would  solve  the  problem  of  perpetual 
motion.  Such  a  result  with  any  meter,  or  by  any  method  of  computa- 
tion, shows  the  work  of  the  observer  to  be  inaccurate.  Slight  changes  in 
the  friction  of  the  bearings  make  but  very  slight  changes  in  the  value  of  b. 

The  experience  of  the  writer  indicates  as  untrue  the  theory  that 
when  a  meter  is  cleaned  or  a  bearing  oiled  the  effect  is  immediately 
perceptible  in  the  rating.  Real  variations  in  the  correct  rating  are 
caused  by  serious  injury  to  the  meter,  or  by  it  being  out  of  order  in 
some  way  that  can  be  seen  easily  by  a  skilful  observer;  and  when  it 
has  been  properly  rei^aired,  the  rating  will  be  practically  the  same  as 
before.  It  is  not  subject  to  constant  changes  in  rate  when  proj^erly 
eared  for,  but  these  apparent  changes  are  due  to  a  variation  of  the  cur- 
rents which  are  allowed  to  act  on  the  wheel  in  rating  it,  and  to  other 
errors  of  observation.  Some  engineers  lack  the  mechanical  skill  which 
is  needed  to  know  when  the  meter  is  in  good  order.  It  is  very  neces- 
sary for  the  lower  bearings  of  meters  like  those  in  use  on  the  lower 
Mississippi  to  be  in  such  condition  that  the  current,  j^ressing  against 
the  wheel  in  a  direction  normal  to  the  shaft,  will  not  cause  the  wheel 
to  rise  in  its  bearings,  as  if  it  does  so,  the  lower  air  tube  is  liable  to 
come  in  contact  with  the  base  of  the  pintle,  which  will  greatly  increase 
the  friction.  The  meter  should  be  tested  by  pressing  the  hand  against 
the  wheel  in  the  direction  normal  to  the  shaft. 

The  meters  which  have  been  most  used  on  the  lower  Mississippi 
are  so  constructed  that  it  is  impossible  for  sand  or  grit  of  any  kind  to 
get  into  the  bearings,  and  when  they  are  well  cared  for  the  friction  is  a 
constant  quantity. 
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Mr.  Price.  The  rating  curve  of  tliese  meters,  whicli  are  necessarily  strong  and 
heavy,  depai-ts  more  from  a  straight  line  than  the  rating  curve  of  the 
acoustic  meter,  which  is  much  lighter  in  construction  and  has  much 
less  friction  in  its  bearings,  but  the  Ellis  meter,  with  a  mercury  cup 
contact  breaker  attached  to  it,  which  makes  the  friction  the  same 
as  that  of  the  heavy  meters,  also  gives  a  curve  approaching  as  near  to 
a  straight  line  as  that  of  the  acoustic  meter.  The  difierence  in  the 
curvature  of  the  ratings  of  different  kinds  of  meters  is  evidently  due 
to  the  forms  of  the  wheels,  and  not  to  a  difference  in  the  friction  of 
the  bearings.  The  method  of  rating  described  in  Engineering  News  of 
January  10th,  1895,  will  enable  the  observer  to  secure  more  accu- 
rate data  than  can  be  obtained  by  some  methods  which  have  been  com- 
monly used.  It  eliminates  some  sources  of  error,  and  enables  a 
skilful  observer  to  determine  the  direction  of  the  curve  and  the  inter- 
cept very  closely. 

The  curves  of  vertical  velocity  for  different  depths  and  stages  of 
the  MississipjDi  have  not  been  as  accurately  determined  as  they  should 
be.  Some  of  the  observations  for  this  purpose  have  been  made  with 
apparatus  which  could  not  give  accurate  results.  Those  made  in  1882 
were  inaccurate  for  two  reasons  at  least.  The  meter  had  beaiings  that 
soon  became  filled  with  sand,  which  changed  its  rate,  and  with  the  ajs- 
paratus  used  to  suspend  the  meter  in  a  deeji  swift  current  it  was  impos- 
sible to  tell  at  times  within  several  feet  at  what  depth  the  meter  was 
measuring  the  current.  At  Paducah,  in  1882,  and  at  Carrollton,  in 
1883,  a  better  meter  was  used,  and  a  different  apparatus  for  susi)end- 
ing  the  meter  enabled  the  observer  to  locate  it  very  closely  at  all 
depths. 

At  Sioux  City  in  the  winter  of  1894  the  vertical  velocity  curve  in 
the  Mississippi  River  under  the  ice  was  very  carefully  measured  by 
the  writer  by  a  series  of  observations.  The  percentage  of  mean 
velocity  to  mid-depth  velocity  varied,  for  different  parts  of  the  dis- 
charge section,  from  0.901  to  0.915.  The  mean  of  all  observations 
was  0.91. 
Mr.  Miller.  Charles  H.  Miller,  Esq. — Many  of  the  difficulties  encountered  in 
observations  on  the  Mississippi  are  due  to  the  choice  of  location.  The 
general  practice  thus  far  has  been  to  locate  the  section  on  a  narrow 
l)art  of  the  river,  a  straight  reach  if  possible,  but  this  does  not  receive 
as  much  consideration  as  the  width.     Instead,  the  section  should  be 
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located  on  a  wide,  straight  reach,  where  the  currents  are  flowing  nearly  Mr.  Miller, 
parallel  to  each  other.  The  narrow  ^river  is  under  abnormal  condi- 
tions; the  water,  being  forced  in  at  the  head  of  the  reach  at  various 
angles,  causes  boils  and  eddies,  and  the  increase  of  depth  below  datum 
over  the  shallow  section  indicates  a  vertical  current,  especially  when 
the  section  is  in  the  upper  end  of  the  pool,  as  at  Arkansas  City. 

The  main  objection  to  a  wide  section  would  be  the  length  of  time 
consumed  in  taking  an  observation,  iiermitting  the  currents  to  change 
considerably  before  the  observ^ation  could  be  completed.  It  is  a  ques- 
tion, however,  whether  or  not  there  are  any  very  great  changes  in  such 
a  section.  Nevertheless,  the  trouble  could  be  easily  obviated  by  an 
increase  of  force  and  apparatus;  in  fact,  the  ideal  condition  would  be 
to  have  a  line  of  current  meters  extending  across  the  river,  all  observ- 
ing at  the  same  time.  The  time  of  taking  an  observation  has,  in  recent 
years,  been  reduced  fully  one-half.  The  method  formerly  pursued  was 
to  take  velocity  observations  over  the  entire  section  first,  which  re- 
quired from  two  to  three  hours;  then  the  section  was  sounded  to  obtain 
the  area.  Very  often  the  interval  between  these  observations  was  as 
much  as  three  to  four  hours.  The  method  now  used  is  to  measure  the 
section  at  the  same  time  that  the  velocities  are  taken,  sounding  be- 
tween stations  as  the  steamer  moves  from  one  to  another.  The  time 
of  holding  on  stations  has  been  lessened,  and  is  usually  two  minutes 
instead  of  from  five  to  fifteen.  This  reduction  has  not  impaired  the 
accuracy  of  the  work  at  each  individual  station,  and,  taking  them  col- 
lectively, it  has  reduced  the  chances  for  changes  in  the  currents. 

Regarding  the  difficulties  of  manipulation,  a  thorough  examination 
of  the  error  due  to  the  drift  of  the  steamer  was  made  during  the 
observations  of  1892.  The  path  of  the  steamer  was  found  by  two 
transits  on  the  shore,  taking  simultaneous  readings  every  30  seconds 
to  a  pole  placed  directly  above  the  meter.  These  points  were  plotted 
to  a  large  scale  and  the  required  computations  made,  showing  prac- 
tically no  error  due  to  lateral  drift,  and  very  little  to  direct  drift,  the 
sum  rarely  going  over  i%,  and  nearly  all  of  it  found  on  one  or  two 
stations.  Greater  care  is  now  taken  that  the  steamer  is  on  the  range  at 
the  times  of  beginning  and  ending,  thus  eliminating  direct  drift  also. 
A  3-ft.  vane  on  the  lower  end  of  the  lead-weight  holding  the 
vertical  rod  on  which  the  meter  is  jjlaced  precludes  any  error  due  to 
the  meter  being  forced  into  any  other  than  a  horizontal  position,  except 
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Mr.  MlUer.  bv  the  currents  themselves.  This  was  determined  by  fixing  in  the  side 
of  the  weight  an  automatic  appliance  for  measuring  the  greatest  angle 
of  inclination,  and  was  used  for  depths  as  great  as  60  ft.  without  find- 
ing any  appreciable  error.  It  may  be  mentioned  here  that  this  weight 
is  of  lead,  presenting  a  wedge-shaped  face  to  the  water  fore  and  aft;  it 
weighs  250  lbs.,  and  is  lowered  with  a  i-in.  steel  cable  from  a  drum. 
A  guy  line  of  No.  12  wu-e  attached  to  the  top  of  the  rod,  on  which  the 
weight  is  fixed,  and  leading  up  to  the  forward  end  of  the  steamer, 
prevents  the  current  from  carrying  the  weight  and  meter  back  of  a 
perpendicular.  Tests  under  the  above  conditions  have  proved  that 
the  meter  can  be  placed  within  0.5  ft.  of  the  desired  position. 

As  to  the  discrepant  results  shown  by  the  observations  at  Arkansas 
City  and  Wilson's  Point  for  1891  and  1892,  and  the  near  agreement  of 
the  results  for  1893  at  the  same  places,  it  is  evident  from  the  thorough 
tests  of  1892  that  the  disagreements  were  not  due  to  errors  of  observa- 
tion. Among  other  tests,  the  meters  were  exchanged,  each  observer 
taking  the  other  meter  as  a  new  one,  rerating  it,  and  applying  the 
rate  found  to  his  observations  taken  with  it.  Next,  the  chief  observers 
were  changed,  each  taking  the  other  party  and  section,  and  finally  the 
Wilson's  Point  party  and  outfit  moved  to  Arkansas  City  and  worked  side 
by  side  with  the  other  party  on  that  and  the  Chicot  City  ranges.  Still 
the  results  accorded  from  day  to  day.  The  only  reasonable  solution 
of  the  difficulty  seems  to  be  the  fact  that  the  positions  of  the  ranges 
for  1893  were  changed  somewhat  from  the  old  locations  of  1891  and 
1892,  in  order  to  get  the  ranges  more  nearly  perpendicular  to  the  flow, 
and  also  at  Wilson's  Point  to  escape  as  much  as  i:»ossible  the  eddy 
action  cm  the  Mississippi  side.  In  the  "  Eejjort  of  the  Mississippi  River 
Commission  for  1894,"  it  is  stated  on  page  2813,  for  Arkansas  City  : 

"The  old  range  used  for  several  years  past  was  changed  ;  in  azi- 
muth swung  down  stream  G^  40',  its  east  end  being  560  ft.,  its  west 
200  ft.,  below  the  old  position." 

For  Wilson's  Point,  on  })age  2816,  it  is  said  : 

"As  shown  on  the  maj)  which  accompanies  this  report,  the  section 
was  moved  about  2.50  ft.  below  the  range  used  in  previous  years  ;  first, 
to  try  and  get  below  the  eddy  on  the  Mississippi  side ;  and,  second,  in 
order  to  have  the  range  just  2  000  ft.  below  the  transit  point  J  Ruple. 
The  direction  was  also  dianged  about  4j°,  in  order  to  have  it  more 
nearly  i)erpendicular  to  the  flow,  as  evidenced  by  the  flow  across  the 
sectiuu  last  season." 
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H.  St.  L.  Coppee,  M.  Am.  Soc.  C.  E. — The  vast  heterogeneous  accu-  Mr  CoppSe. 
mulation  of  data  in  the  reports  of  the  Mississippi  Eiver  Commission  has 
remained  practically  undeveloiied  or  arranged,  though  explored  by 
many  for  special  i^urposes.  By  one  who  is  accustomed  or  comjDelled 
to  delve  in  the  several  thousands  of  pages  of  these  volumes,  the  diffi- 
culty of  the  task  undertaken  by  the  author  is  fully  appreciated.  The 
investigation  relative  to  the  physical  phenomena  of  the  Mississippi 
River  instituted  and  being  carried  on  by  the  Mississippi  Eiver  Com- 
mission is  an  engineering  work  second  in  imjiortance  to  none  that  has 
been  undertaken  during  the  present  century. 

It  is  undoubtedly  true  that  the  fundamental  laws  of  hydraulics  as 
applied  to  rivers  or  streams  are  ' '  called  into  question  at  the  present 
day,"  by  engineers  and  authors  of  reputation.  The  important  facts 
and  laws  of  physical  science  have  been  discovered  by  experiment  or 
concrete  physical  evidence,  and  not  by  abstract  deduction  from  hy- 
potheses originating  in  the  brain  of  the  mathematician.  By  this  , 
great  work  of  the  Commission  sufficient  data  may  be  obtained  in  a 
time  not  far  distant  to  direct  the  way,  at  least,  to  greater  discoveries 
in  the  field  of  hydraulics,  and  lead  to  more  perfect  methods  for  the 
improvement  of  other  streams  as  well  as  the  Mississippi. 

As  the  author  states,  the  difficulty  of  ascertaining  the  discharge  of 
a  river  like  the  Mississippi  is  very  great.  Indeed,  it  cannot  be  obtained 
free  from  considerable  error,  owing  to  the  presence  of  inequalities  in 
the  bed  and  cross-section,  and  other  phenomena  causing  very  ii-reg- 
ular  flow  to  which  no  simple  formula  will  apply  and  for  which  no  ac- 
curate methods  of  observation  can  be  successfully  employed.  It  is 
the  opinion  of  the  writer  that  in  the  endeavor  to  obtain  a  large  number 
of  fairly  accurate  data,  the  quality  of  the  observations  is  sacrificed  for 
the  quantity;  for  instance,  in  sounding  from  a  moving  steamboat,  and 
also  in  the  small  number  of  soundings  taken  on  a  discharge  section. 
The  current  meter  as  used  by  the  integration  method  or  run  at  given 
depths,  checked  by  flanking,  though  subject  to  inaccuracies,  is  manip- 
ulated with  greater  facility  than  floats  or  rods,  and  unless  the  latter 
are  used  in  considerable  numbers  at  short  intervals  of  time,  gives  bet- 
ter results  on  the  whole.  An  example  of  the  irregularity  of  flow  of 
the  Mississippi,  the  change  in  lateral  slope,  the  obli(|uity  and  pulsa- 
tion of  the  current,  is  aftbrdotl  })y  observations  of  the  writer  at 
Vicksburg.     The  river  in  that  locality  is  approximately  as  shown  in 
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Mr.  Coppee.  Fig.  1.  During  a  period  of  about  tliree  years,  the  writer  made  careful  ob- 
servations of  the  depth  of  water  and  change  in  bottom  at  all  stages  in  the 
vicinitv  of  the  Queen  and  Crescent  Railroad  transfer  incline  at  Z*  in  the 
figure.  These  observations  disclosed  the  fact  that  there  was  at  certain 
elevations  of  the  water  surface,  most  markedly  when  the  i-iver  was  at 
bank-full  stage,  pulsation  in  the  flow  in  the  neighborhood  of  this 
incline.  It  was  first  noticed  when  the  water  was  just  over  the  bank 
and  the  only  dry  spot  in  the  vicinity,  consisting  of  a  small  mound  of 
cinders  dropped  from  the  ash  pan  of  a  locomotive,  was  occupied  as  an 
observation  station  by  the  instrumentman  from  which  to  record  the 
position  of  the  soundings.  When  first  occupied  the  mound  was  dry, 
but  in  the  course  of  about  half  an  hour  the  observer  was  standing  in 
water  ankle- deep  which  receded  in  about  an  hour,  leaving  him  on  dry 
gTOund  again.  At  intervals  of  about  an  hour  there  was  a  recurrence  of 
the  maximum  elevation  of  the  water  surface,  which  was  found  by  read- 
ing the  gauge,  located  at  B,  to  be 
about  0.3   ft.  above   the   minimum. 

During  the  same  period  the  work  LOUISIANA  \  *  1  MISSISSIPPI 
of  dredging  the  Government  canal, 
shown  in  the  figure,  was  in  progress. 
At  the  mouth  of  the  canal,  at  ^,  a 
long  sjjar  buoy  was  used  by  the  con- 
tractor as  an  indicator,  pointing  the  Fig.  i. 
direction  of  the  constantly  changing  currents  in  the  river  and  serv- 
ing as  a  guide  to  pilots  towing  scows  into  the  cut.  When  in  slack 
water  the  buoy  floated  in  a  vertical  position;  when  the  cross-current 
was  in  the  ascendant,  an  eddy  current  ran  from  B  io  A  and  the  buoy 
inclined  up  stream,  the  reverse  being  the  case  at  the  culmination  of  the 
pulsation. 

The  relative  values  of  apparatus  and  method,  of  error  of  observa- 
tion and  error  of  deduction,  are  shown  very  clearly  by  the  author;  but 
to  understand  fully  the  impossibility  of  obtaining  an  accurate  esti- 
mate of  the  discharge  of  the  Mississippi  River  one  must  have  been  in  a 
light  skiff  on  its  siarface  at  about  the  bank-full  stage.  Then  the  diffi- 
culty of  the  undertaking  and  the  absurdity  of  an  attempt  to  apply  di- 
rectly general  formulas,  or,  indeed,  any  formulas,  to  obtain  accurate 
results  are  fully  appreciated.  That  a  difi'erence  of  1(K)  0(K)  cu.  ft.  per 
second  is  found  V>et\veen  discharge  sections  seems  but  natural  when 
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viewing  the  seething  mass  of  boiling  water  of  this  great  river  at  fiood  Mr.  CoppSe. 
stage. 

By  a  carefnl  study  of  a  great  mass  of  data  and  the  construction 
from  it  of  tables  and  curves  of  the  elements  involved  in  the  evolution  of 
the  discharge,  the  author  has  established  facts  that  are  of  the  greatest 
interest  and  value.  The  uncertain  quantities  in  the  problem  vitiate  to 
some  extent  the  value  of  the  deductions,  but  the  results  throw  light 
on  many  mooted  questions  and  give  an  estimate  of  future  flood  heights 
for  a  leveed  river  which  will  influence  the  woi-k  of  protection  now  in 
operation  and  further  projects  for  improvement. 

J.  B.  Johnson,  M.  Am.  Soc.  C.  E. — While  the  writer  has  no  desire  Mr.  Jobnson. 
to  criticise  the  paper  in  any  respect  for  what  it  contains,  he  regrets  that 
the  author  did  not  continue  his  studies  a  little  farther,  and  give  his 
views  on  some  of  the  vital  questions  now  confronting  the  Mississippi 
River  Commission,  and  through  it  the  United  States  Congress.  If  he 
would  not  care  to  express  his  individual  opinion  on  questions  as  yet 
unsettled  and  in  a  state  of  controversy  by  the  members  of  the  Missis- 
sippi River  Commission,  he  could  properly  have  given  some  of  the 
iiccumulated  facts  on  which  apjiroximate  estimates  might  be  based. 
Thus  by  far  the  most  serious  and  urgent  question  pertaining  to  the 
discharge  of  the  Mississiiipi  River  is  the  determination  of  the  eftect  of 
complete  conflnement  by  levees  on  the  maximum  discharge  throughout 
the  entire  length  of  the  river  below  Cairo,  and  the  probable  heights  the 
surface  would  reach  throughout  this  portion  of  the  river  if  so  confined. 
He  has  worked  out  his  conclusions  as  to  these  two  facts  for  one  jDartic- 
ular  point  upon  the  river,  this  being  Arkansas  City.  He  has  done  well 
to  take  the  flood  of  1882  as  the  standard  maximum  flood  discharge, 
since  it  was  not  only  the  largest  on  record,  but  it  was  more  thoroughly 
and  comiiletely  studied  and  measured  than  any  other  great  flood  has 
ever  been.*  It  was  the  writer's  fortune  to  study  this  flood  in  the  field 
at  its  height  and  to  measure  the  discharge  from  the  main  channel 
through  the  breaks  in  the  levees  from  Memphis  to  the  mouth  of  the 
Red  River.  Five  parties  were  measuring  the  discharge  of  the  water  in 
the  main  channel  at  as  many  diftereut  points,  and  three  field  parties 
were  studying  the  discharge  over  the  banks,  through  the  levees,  and 
across  the  swamps.     On  his  return  from  this  trip,  he  included  in  his 


*  See  a  paper  by  the  writer  on  "  Oreat  Floods  ou  the  Lower  Mississippi  as  illustrated  in 
the  Flood  of  1882,"  in  the  Journalof  the  Astocialion  of  Engineering  Societies,  Vol.  II,  p.  115. 
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Mr.  Jobnsoii.  report  to  the  Mississippi  River  Commission,  an  approximate  estimate 
of  the  lieights  this  flood  would  have  reached  had  it  been  entirely  con- 
fined to  the  river  channel.*  These  estimates  were  so  great  as  not  only 
to  be  entirely  beyond  belief  on  the  part  of  the  other  engineers  con- 
nected with  the  service,  but  to  produce  a  general  chorus  of  derision, 
and  the  charge  that  his  extraordinary  personal  experiences  on  this  trij) 
had  sapped  the  foundations  of  his  reason.  It  was  not  long,  however, 
before  the  president  of  the  commission  himself  became  convinced  that 
the  effect  of  flood  confinement  would  be  to  raise  the  flood  stage  for 
such  a  volume  as  passed  in  1882  to  very  much  the  same  heights,! 
although  he  has  continued  to  stand  alone  in  that  body  in  this  matter. 
The  poj^iilar  and  almost  universal  opinion  has  been  that  the  con- 
finement of  the  entii-e  flood  volume  to  the  river  channel  would  cause  it 
to  deepen  and  widen  its  bed  immediately,  and  to  increase  its  velocity, 
so  that  no  appreciable  increase  in  flood  height  would  result.  It  is  in- 
teresting, therefore,  to  find  the  author  estimates  that  the  flood  stage  at 
Arkansas  City  for  the  passing  of  a  volume  like  that  of  1882  through  a 
channel  confined  by  levees  would  have  been  55.8  ft.  As  the  highest 
stage  at  that  point  in  1882  was  47. 1  ft. ,  he  estimates  an  increased  stage 
due  to  flood  confinement  at  that  point  of  8. 7  ft.  The  writer's  estimate 
for  the  increased  stage  at  this  point  made  in  1882  was  9  ft.  Since  all 
of  his  estimates  were  of  course  merely  approximate,  not  having  the 
necessary  data  for  a  complete  study  of  the  problem,  he  regards  this 
as  a  practical  agreement,  and  desires  to  have  the  author's  estimates 
of  the  corresponding  increased  stage  at  the  various  other  portions  of 
the  river  for  the  passing  of  this  same  flood  throughout  a  confined 
channel. 

More  esijecially  is  this  desirable  at  this  time,  since  the  Mississii)pi 
River  Commission  has  now  decided  by  an  almost  unanimous  vote  to 
shut  off  the  Red-Atchafalaya  River  system  entirely  from  the  Missis- 
sippi, thus  requiring  the  Mississippi  River  channel  below  the  mouth 
of  the  Red  River  to  carry  the  entire  flood  coming  down  the  channel 
from  above  that  point.  As  this  lower  river  has  never  been  able  to  carry 
more  than  about  1  200  000  cu.  ft.  per  second,  and  would  be  called  upon 
in  tlie  case  of  this  closure,  with  a  flood  like  that  of  1882,  to  carry  about 
2  (KK)0(>Ocu.  ft.  i)cr  second,  it  is  of  supreme  imjiortance  to  determine 

,    *  8e«  the  "Beport  of  the  MiMlMippi  River  CommUsion  for  1U84,"  Appendix  Al. 

t  Bee  the  ••  Seport  of  the  MIssisBlppI  River  Coramlsgion  for  1883,"  Minority  Rep.  of  Gen. 
0.  B.  Comatock. 
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what  will  be  the  efifect  on  flood  heights  of  the  Mississippi  Eiver,  in  the  Mr.  Johnson. 
State  of  Louisiana,  when  its  maximum  volume  is  thus  increased  by 
over  60  per  cent.  The  Atchafalaya  River  is  now  a  legitimate  natural 
outlet  for  great  floods  on  the  lower  river,  and  if  the  agents  of  the  United 
States  close  this  outlet  against  flood  water,  and  force  the  main  channel 
to  carry  the  entire  flood,  which  it  never  has  done  hitherto,  does  it  not 
necessarily  follow  that  the  United  States  Government  may  jiistly  be 
called  upon  to  pay  all  damages  resulting  from  the  overflow  of  such  levees 
as  now  exist  on  this  portion  of  the  river,  or  first  raise  these  levees  to  such 
a  height  as  Avill  give  the  channel  a  sufiicient  capacity  to  carry  these 
increased  vohimes  ?  It  is  said  that  the  Commission  has  decided  to 
close  this  outlet,  but  it  is  not  stated  that  any  action  had -been  taken 
toward  raising  the  heights  of  the  levees  in  that  portion  of  the  river  to 
enable  it  to  carry  safely  the  greatest  floods  after  this  closure  has  been 
effected.  It  is  well  known  that  some  of  the  members  of  the  Commis- 
sion are  of  the  opinion  that  the  efiect  of  closing  this  high-water  outlet 
would  be  to  cause  the  main  river  to  discharge  the  increased  volume  at 
the  same  stage,  or  possibly  a  lower  one,  which  has  accompanied  the 
discharge  of  previous  floods,  reduced  by  the  drawing  olf  through  this 
outlet  of  several  hundred  thousand  cubic  feet  per  second.  This  is  a 
question,  therefore,  of  immediate  and  vital  importance,  and  it  would  be 
interesting  to  have  the  author's  views  on  the  matter.  While  no  one 
would  wish  to  make  a  very  definite  prediction  as  to  the  efiect  of  any 
such  cause,  it  would  seem  that  engineering  science  ought  to  be  com- 
petent, and  that  the  data  now  accumulated  by  the  JMississipjii  River 
Commission  ought  to  be  sufficient,  to  enable  an  approximate  estimate 
to  be  made  of  the  results  of  such  a  step,  and  of  the  increase  of  flood  ' 
stage  for  a  confined  channel  from  Cairo  to  New  Orleans. 

Arthur  Hider,  M.  Am.  Soc.  C.  E. — In  1892  the  writer,  who  has  had  Mr.  Rider, 
supervision  of  the  different  discharge  parties  engaged  for  several  years 
past  in  what  is  known  as  the  Third  District  of  the  Mississippi  River, 
including  the  stations  at  Arkansas  City  and  Wilson's  Point,  made  some 
tests  of  the  meters  used  in  discharge  work,  in  order  to  determine  if 
l)ossible  whether  the  large  discrepancies  between  these  two  stations, 
100  miles  ai)art,  were  due  to  errors  of  observations,  unreliability  of  in- 
struments or  other  causes.  The  results  of  these  tests  are  given  in  the 
table  on  page  324;  the  discharges  show  large  discrei)ancios.  The  dis- 
charge at  Wilson's  Point  has  been  iiiovod  forward  one  day  for  compari- 
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Mr.  Hider.  son  of  results,  to  allow  for  the  time  interval  of  water  passing  the  upper 
station  reaching  the  lower. 


REsrLTS  OF  High-Watek  Discharge  Obsekvatioxs  at  Akkaxsas  Citt 
ASD  Wilson's  Point.  ^ 


Date. 
1892. 

Total  discharge  at 

Arkansas  City. 

Cubic  feet  per 

second. 

Date. 
1892. 

Total  discharge  at 

Wilson's  Point. 

Cubic  leet  per 

second. 

Difiference. 
'  Cubic  feet 
per  second. 

April  22 

23 

1  310  000 
1  449  000 
1  385  009 
1  525  000 
1  597  000 
1  524  000 
1  546  000 
1587  000 
1  624  000 
1  532  000 
1  733  000 
1  589  000 
1648  000 
1613  000 
1  659  000 
1  601  000 
1  493  000 
1  466  000 
1  409  000 

April  23 

1  297  000 
1  321  000 
1  344  000 
1  350  000 
1  392  000 
1  406  000 
1  344  000 
1  378  000 
1  406  000 
1  279  000 
1  372  000 
1  337  000 
1  382  000 
1  377  000 
1  425  000 
1  327  000 
1  365  000 
1  301  000 
1  268  000 

13  000 

25 

128  000 

25          .... 

26 

41  000 

26 

27 

175  000 

27 

28 

205  000 

28 

29 

118  000 

29 

30 

202  000 

30 

May      2 

209  000 

May      2 

3 

3 

218  000 

4 

263  000 

4 

5 

361  000 

s":::::.::;: 

6 

252  000 

6 

7 

266  000 

7 

9 

236  000 

8 

10 

234  000 

10 

11 

274  000 

U 

13 

14 

13 

14 

16 

128  000 
165  000 
141  000 

*  See  the  "Report  of  the  Chief  Engineer  of  the  United  States  Army  for  1893,"  pp. 3686-88. 

The  current  meters  used,  designated  as  Price  Nos.  38  and  39,  were 
new  instruments  received  from  the  makers  but  a  short  time  before  the 
parties  took  the  field.  Both  of  the  current  meters  are  of  improved 
construction,  and  an  examination  of  the  plotted  ratings,  taken  at  dif- 
ferent localities  at  separate  times  by  both  chiefs  of  parties,  shows  that 
they  kept  their  ratings  practically  uniform  during  nearly  the  entire 
time  they  were  in  use. 

At  the  close  of  the  work  both  meters  were  found  to  be  in  gootl  con- 
dition, the  rating  of  No.  39  being  unchanged,  while  that  of  No.  38  had 
changed  but  slightly. 

Meter  No.  38  was  used  in  the  earlier  observations  at  Wilson's  Point, 
and  No.  39  at  Arkansas  City;  the  later  observations  at  Wilson's  Point 
were  made  with  No.  39,  and  at  Arkansas  City  with  No.  38.  The  meters 
were  exchanged  on  May  28th,  an  old  meter  designated  as  No.  5  being 
used  at  Arkan.sas  City  on  May  3Uth,  while  waiting  for  meter  No.  38 
from  Wilson's  Point;  afterward  the  observers  changed  stations  in  order 
to  find   out,  if  possible,  whether  the  difiference  in  results  could   be 
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charged  to  the  instruments,  to  the  difference  in  the  method  of  doing  Mr.  HiUer. 
the  field  work,  or  to  personal  errors  of  the  observers. 

To  account  for  the  large  differences  shown  in  this  table,  the  first 
explanation  suggested  is  to  charge  the  disagreement  either  to  errors  in 
field  work  or  to  unreliability  in  the  instruments  used.  As  the  chiefs 
of  both  parties  were  skilful,  careful  and  experienced  observers,  and 
after  changing  stations  and  instruments  these  discrepancies  still 
existed,  some  other  reasons  beside  errors  of  observation  were  sought 
to  account  for  the  wide  differences. 

Fluctuations  of  current  will  no  doubt  account  for  a  i^art  of  the  dis- 
crepancy in  the  two  sets  of  observations,  but  for  j)robably  only  a  small 
percentage  of  the  large  difference  in  the  earlier  observations.  An  ex- 
amination of  the  field  notes  at  both  stations  shows  that  there  is  often  a 
great  difference  in  velocity  fotmd  on  the  same  meter  station  from  day 
to  day  as  well  as  from  minute  to  minute,  the  velocity  sometimes  vary- 
ing as  miich  as  20X  on  many  of  the  stations  in  two  consecutive 
minutes.  This  is  probably  due  to  a  variety  of  causes,  change  in  direc- 
tion of  filaments  of  water  due  to  the  effect  of  winds,  or  eddies  and  boils 
caused  by  uneven  shape  of  bottom,  etc.  Whatever  the  cause,  the  fact 
remains  that  great  variations  and  fluctuations  in  the  ciarrent  do  actually 
exist. 

In  order  to  eliminate  as  far  as  possible  any  error  from  this  cause,  it 
has  been  customary  to  occupy  each  station  for  five  consecutive  minutes 
or  even  longer  so  as  to  obtain  a  mean  velocity  for  that  particular 
station.  To  further  test  the  discharge  at  Arkansas  City,  a  new  dis- 
charge station  was  selected  at  Chicot  City  about  7  miles  above  Arkansas 
City.  The  discharge  was  measured  with  different  meters  three  days  in 
succession  and  by  different  observers.  These  results  will  be  noticed 
hereafter  in  detail.  At  the  close  of  the  observations  at  Ai-kansas  City, 
an  experiment  was  tried  at  the  Chicot  City  discharge  sections  to  further 
test  the  workings  of  the  meters  by  placing  a  meter  on  each  side  of  the 
steamboat  and  measuring  the  discharge  at  the  same  time  independently 
by  each  meter.  Simultaneous  observations  were  taken  with  both 
meters,  the  stations  being  occupied  the  usual  length  of  time,  five 
minutes.  The  distance  between  the  meters  on  opposite  sides  of  the 
boat  was  25  ft.,  meter  No.  38  being  placed  on  the  starboard,  and  meter 
No.  39  on  the  port,  side.  The  results  obtained  are  given  in  the  table 
on  the  following  page. 
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Mr  Hider. 


Number  of  Station. 

Rkvolutions  in  Five  Mikutes. 

Mean  Velocity. 

Feet  Peb  Second. 

Meter  No.  39. 

Meter  No.  38. 

Meter  No.  39. 

Meter  No.  38. 

14 

116 
235 
328 
337 
408 
405 
499 
414 
407 
402 
431 
479 
344 
25L 

108 
234 
314 
330 
380 
383 
390 
415 
354 
390 
475 
369 
371 
235 

1.69 
3.38 
4.43 
4.64 
5.28 
5.32 
5.47 
5.71 
4.95 
5.41 
5.49 
5.14 
4.37 
3.40 

1.71 

13 

3.34 

12 

4.59 

11 

4.72 

10 

5.67 

9 

5.63 

8 

5.79 

7 

5.75 

6 

5.66 

5 

6.59 

4 

5.98 

3 

5.56 

2 

4.81 

1 

3.55 

5  056 

4  747 

64.58 

68.35 

The  discliarge  given  by  meter  No.  38  is  1  108  256,  and  by  meter  No. 
39  is  1  035  156,  cu.  ft.  per  second,  meter  No.  38  giving  a  discharge 
7. 06%*  greater  than  meter  No.  39.  The  mean  of  the  velocity  determined 
by  dividing  the  sum  of  the  revolutions  by  the  time  of  the  observation 
in  seconds  and  applying  the  ratings  determined  for  each  meter  gives 
as  the  mean  velocity  on  the  starboard  side  for  meter  No.  38,  4  882  ft. 
per  second,  and  that  for  meter  No.  39  on  the  port  side,  4.613  ft.  Meter 
No.  38  gave  a  velocity  5.83%"  greater  than  meter  No.  39  on  the  opposite 
side  of  the  boat.  It  will  be  noticed  that  the  results  obtained  by  meter 
No.  38  are  always  somewhat  in  excess  of  those  obtained  by  meter  No. 
39.  This,  if  the  velocity  was  the  sams  on  both  sides  of  the  boat,  is 
contrary  to  what  might  be  expected  from  stations  14  to  7,  as  the  veloc- 
ity is  continually  increasing  to  that  point,  so  that  meter  No.  38  on  the 
starboard  side  should  really  give  a  somewhat  less  velocity  than  meter 
No.  39  on  the  port  side;  from  stations  1  to  7  the  velocities  decrease,  and 
meter  No.  38  should  give  greater  velocities,  which  it  does. 

These  observations  at  Chicot  City  were  taken  July  2d,  when  the 
river  was  at  44.85  ft.  on  the  Arkansas  City  gauge,  or  5  ft.  below  high 
water.  The  river  was  falling  at  the  rate  of  0.5  ft.  in  24  hours,  which 
ak  this  stage  is  a  rapid  fall  and  would  tend  to  jiroduce  a  consider- 
able shifting  and  a  consequent  variability  in  the  current  at  any  one 
l)oint  in  the  section.  This  is  shown  by  an  examination  of  the  tield 
notes. 

Other  observations  were  made  August   17th.    1892,   by  the  writer 
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at  Greenville,  Miss.,  after  the  discharge  measurements  had  been  con-  Mr.  Hider. 
eluded,  to  further  test  the  workings  of  these  two  meters. 

The  meters  were  placed  as  before,  one  on  each  side  of  the  steam- 
boat, 25  ft.  apart.  Four  stations  were  occupied  for  five  minutes  each, 
and  then  the  meters  changed  to  opposite  sides  of  the  boat,  and  the 
observations  repeated. 

The  results  are  given  in  the  following  table: 


Meter  No.  39  on  Stabboabd 
Side. 

Meter  No.  38 
ON  Port  Side. 

Meter  No.  38  on  Starboard 
Side. 

Meter  No.  39 
ON  Port  Side. 

Bevolutions. 

Revolutions. 

Revolutions. 

Revolutions. 

Station  1 < 

1 

26 
30 
34.. 5 
33.5 
36  5 

30.5 

37 

39 

34 

36 

f 
Station  la....  ^ 

31.5 

26.5 

34 

30.5 

27.5 

30 
29 
35 
36 
30 

32.10 
2.370 

35.3 
2.405 

1                                            30.0 
i                                             2.215 

32. 

Mean  velocity.. 

2.285 

Station  2 • 

37 
36 
34 
34 
34.5 

37 
32 
35 
39 
38 

fl            34 

i               33 

Station  2a..^.-{\           — 

[                               1               34 

I  ,             35.5 
1 

36 
31 

35 
34 

35.3 
2.422 

36.2 
2.433 

34.125 
2.360 

34.00 

Mean  velocity. . 

2.356 

Stations    -j 

45 
49 

48.5 
53.6 

4R 
60 
49 
53 

r'         45 

45 

Station  3a •{               48 

50 
I              56 

46 
46 
43 
49 

54 

48.75 
2.904 

49.5 
2.865 

48.8 
2.843 

47.4 

Mean  velocity.. 

2.826 

Station  4 ■ 

47 
46 
44 
41 
41 

50 
46 
45 
43 
41 

1                            1 
Station  4a ■{ 

38 
38 
39 
37 
44 

37 
35 
36 
43 

40 

Mean 

Mean  velocity.. 

43.80 
2.710 

45.00 
2.725 

39.20 
2.653 

38.1 
2.610 

A  comparison  of  the  means  of  these  observations  shows  a  remai'kably 
close  agreement,  and  demonstrates  the  reliability  of  the  instruments 
and  the  correctness  of  the  ratings  used  in  the  discharge  observations. 
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Meaks. 


d 

o 

Meteb  No.  39  on 
Staeboarp  Side. 

Mktek  No.  38  os 
PoBT  Side. 

a 

o 

"S 

OQ 

Meteb  No.  38  on 
Stabboakd  Side. 

Meter  No.  39  on 
PoBT  Side. 

Velocitj-  per 
second. 

Velocity  per 
second. 

Velocity  per 
secoud 

Velocity  per 
second. 

1 

2 

3 

4 

2.370 
2.422 
2.904 
2.710 

2.405 
2.433 
2.865 
2.725 

la...               2.215 
2a...  i              2.360 
3o...               2.843 
4a...  1              2.533 

2  286 
2.35« 
2  826 
2.520 

Mean. 

2.C06 

2.607 

2.488 

2.488 

At  the  time  these  observations  were  taken  all  conditions  were  ex- 
tremely favorable  for  exact  work,  no  wind,  river  calm,  Greenville 
gauge  1-4.5  ft.,  meter  submerged  15  ft.,  and  river  nearly  stationary. 
The  interval  between  observations  at  Stations  1  and  la  was  about  40 
minutes  ;  2  and  2<i,  30  minutes  ;  3  and  Sa,  20  minutes  ;  4  and  4a,  10 
minutes,  the  boat  crossing  the  river  from  Station  1  to  4,  and,  returning, 
taking  the  stations  in  the  reverse  order.  It  will  be  noticed  that  during 
this  time  the  velocity  on  some  of  the  stations  varied  considerably  dur- 
ing the  interval  between  observations. 

Another  test  was  made  the  same  day  by  placing  both  meters  on  the 
same  rod,  one  above  the  other,  and  2  ft.  apart ;  a  60-lb.  lead  was 
attached  to  the  bottom  of  the  rod  18  ins.  below  the  lower  meter.     The 


AT»     „  v-„   ^Q  A„^„.                  Metfb  No.  39            Meteb  No.  39 
Meteb  No.  38  Above.                        Below.                        Above. 

Meteb  No.  38 
Below. 

Revolutions. 

Revolutions. 

Revolutions. 

Revolutions. 

Station  1 •{ 

1 

I 

28 
31 
33 
33 
32.5 

30 
33 
34 
36 
34 

31.5 

31.5 

29.5 

31 

29.5 

31 
31 
30 
32 
30 

Mean 

Mean  velocity 

31.6 
2.265 

33.4 
2.333 

30.3 
2.220 

30.4 
2.235 

8Uti0D2 ' 

36.6 

39 

35 

33 

35 

38 
40 
34 
33 
34 

35 
38 
40 
41 

37.5 

36 
38 
40 
44 
38 

Mean 

Mean  velocity.. ., 

35.3 
2.404 

35.8 
2  420 

38.3 
2.600 

39.0 
2.638 
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lower  meter  was  submerged  15  ft. ,  two  stations  were  occupied,  and  Mr.  Hider- 
observations  at  each  station  lasted  five  minutes.     A  copy  of  the  notes 
is  given  in  the  table  at  bottom  of  preceding  page. 

It  'n-ill  be  observed  that  the  lower  meter  gave  slightly  higher 
velocity.  In  one  case  the  mean  gave  an  increase  of  0.042,  and  in  the 
other  case  of  0.027  ft.  per  second,  caused  probably  by  the  disturbance 
in  the  current  due  to  the  obstruction  formed  by  the  weight  18  ins. 
below  the  lower  meter. 

A  still  further  test  of  the  working  of  these  two  meters  was  made  the 
same  day.  The  steamboat,  -with  a  meter  submerged  1-5  ft.  on  each  side^ 
was  run  slowly  across  the  river,  keeping  on  range  ;  the  revolutions  of 
each  of  the  two  meters  were  counted  and  recorded  each  minute. 
Meter  No.  38  was  on  the  starboard  side  and  Xo.  39  on  the  port  side. 
The  results  of  the  observations  were  as  follows  : 


No.  of 
Minutes. 

Meter  No.  39. 

Meter  No.  38.  r        Mf^ntes            Meter  No.  39.  |MeterNo.3& 

1 

33 

441 

53 

58 

64 

66 

68 

69 

69 

69 

68 

64 

62 

59 

36 
44 

15 

59 
67 
54 
52 
49 
41 
32 

60 

2 

16 

70 

3 

54 
58 
66 
66 
68 
69 
69 
69 
69 
69 
60 
60 

17 

51 

4 

18 

52 

5 

19 

45 

6 

20 

21 

41 

7 

36 

8 

9 

Total  revolutions'        1 196J 

10 

1211 

11 

12 

second 

Mean  velocity. . . 

.950 
4.055 

.961 
4.050 

13 

14 

These  observations  again  show  a  very  close  agreement,  the  difference 
in  mean  velocity  after  21  minutes  of  consecutive  observations  being 
only  0.1  per  cent.  The  three  sets  of  observations,  which  were  made 
with  extreme  care  and  under  very  favorable  conditions,  jirove  clearly 
the  reliability  of  the  meters  used  in  the  discharge  observations,  and 
also  the  correctness  of  the  ratings  used  in  the  computations,  which 
were  the  same  as  those  used  in  these  exijeriments. 

An  examination  of  these  results  shows  that  the  velocity  at  any  one 
point  in  the  sections  varies  to  a  considerable  extent  in  a  short  period 
of  time.  This  being  admitted,  the  variations  in  the  discharge,  com- 
paring one  day  with  the  next,  cannot  be  fairly  charged  to  irregularity 
of  the  meter's  action,  but  much  more  probably  the  difiference  is  due 
to  the  variabilitv  and  fluctuations  in  the  velocitv  of  the  current  itself. 
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Mr.  Hider.  There  is  no  reason  Tvhy  an  instrument  as  carefully  constructed  as  one 
of  these  current  meters  should  not  register  the  facts,  and  there  is  no 
doubt  but  that  the  ciirrent  meter  does  register  the  velocity  that  actually 
exists  at  the  time  the  station  is  occupied. 

Another  test  of  the  accuracy  of  the  meter  work  is  given  by  the  result 
of  double-float  observations.  The  lower  float  was  submerged  six- 
tenths  of  the  depth,  the  same  as  for  meter  work,  and  the  observations 
were  taken  at  both  stations;  the  discharges  were  also  measured  by  the 
meters  the  same  day.     The  results  are  given  in  the  following  table: 


~ 

Cubic  Fekt 

FEB  Second. 

Percentage  of  differ- 
ence between 

Place. 

Date. 

Floats. 

Meter. 

Uieter  and  floats. 

Arkansas  City 

...May    14.... 

1  407  4S9 

1  395  708 

—  0.08 

••           .... 

...i  "       23.... 

1  486  551 

1  436  379 

—  3.37 

"           .... 

...June  20.... 

1  403  133 

1  379  797 

—  1.60 

"           . ... 

...1    "      30  ... 

1  198  481 

1  138  237 

—  2.21 

<«           . 

. . .  July     1 . . . . 

1  182  '.164 

1  138  237 

—  3.78 

Wilson's  Point... 

.  ..IMay    19.... 

1  245  815 

1  273  454 

+  2.22 

•< 

...      "      27.... 

1  297  915 

1  345  600 

+  3.68 

" 

...      "      30.... 

1  282  161 

1  257  200 

—  1.94 

•• 

.  ..!june    6 

1  227  766 

1  213  740 

—  1.14 

Chicot  City 

.   .  June  30..  | 

Meter,  moruing. 
1  047  756 

Meter,  aftpmoon 
1  066  256 

\            +1-73 

"          

..    July     1.... 

(   Floats.  1 
)  1  064  356  i 

(    Meter.   1 
\  1  022  056  ( 

—  3.97 

The  preceding  table  shows  as  close  agreement  with  meter  work  as 
could  be  expected,  when  it  is  considered  that  the  meter  was  run  in  the 
forenoon,  the  section  sounded  and  the  floats  run  in  the  afternoon,  some 
three  or  four  hours  intervening  between  the  two  sets  of  observations, 
the  same  soundings  for  determining  the  area  of  the  section  being  used 
to  obtain  the  final  discharge  with  the  meter  and  double  floats. 

The  test  at  the  Chicot  City  station,  7  miles  above  Arkansas  City, 
made  at  the  close  of  the  discharge  observations,  by  placing  a  meter  on 
each  side  of  the  boat,  shows  a  wide  discrepancy  when  the  discharges 
at  the  two  stations  are  compared. 


Abkamsas  City. 

Cbicod  Citt. 

Date. 

Meter. 

Discharge  per 
second. 

Meter. 

Discharge  per 
second. 

Difference. 

Jane   38 

•*       29 

"       30 

July       1 

39 
39 
:i8 
38 

Cubic  feet. 
1  188  987 
1  179  450 
1  174  778 
1  140  617 

38 
38 
39 
39 

Cubic  feet. 
1  281  656 
1  250  156 
1  047  756 
1  022  0S6 

Per  cent, 

—  7.79 

—  6.00 
+10.81 
+  16.19 

COKRESPOXDEXCE    OX    DISCHARGE   OF   THE    MISSISSIPPI.     .381 


Meter  gave  Mr.  Hider. 
Meter  gave 
Meter  gave 


Double  floats  were  run  at  Arkansas  City  on  June  30th 
1.73%  less  than  floats. 

Double  floats  were  run  at  Arkansas  City  on  July  1st 
3.78%"  less  than  floats. 

Double  floats  were  run  at  Chicot  City  on  June  30th 
1. 73 j?^  less  than  floats. 

Double  floats  were  run  at  Chicot  City  on  July  1st.  Meter  gave 
3.94%'  more  than  floats. 

It  would  seem  that  the  Ai-kansas  City  discharge  should  be  some- 
what greater  than  the  discharge  of  Chicot  City  during  this  time,  due 
to  the  draining  of  the  reservoir  between  the  two  stations,  as  the  river 
was  falling  at  the  rate  of  0.5  ft.  per  day  during  this  time. 

The  field  notes  of  velocities  obtained  on  these  four  days  are  given 

in  the  following  tables : 

Akkaxsas  City. 


Station. 

1 
Meteb  No.  39. 

Meter  No.  38, 

June  28th. 

June  29th. 

June  30tb.    !     July  Ist. 

1 

3.274 
5.228 
5.622 
6.142 
5.9.54 

s.syy 

4.923 
5.054 
4  337 
3.944 
5.691 
3.274 

3.041 
5.011 
6.025 
6.297 
5.815 
5.. 599 
5.360 
4.882 
4.290 
3.859 
3.799 
3.127 

3.07 

3.00 

2 

5.04 
5.97 
6.77 
6.00 
5.69 
5.52 
5.00 
4.29 
3.99 
3  76 
3.48 

5.12 

3      

5.35 

4     

6.23 

5.78 

6     

5.30 

7     

5.36 

8  

4.98 

9 

4.23 

10 

3.96 

11 

3.55 

12 

3.07 

Chicot  City. 


station. 

Meteb  No.  38. 

Meter  No.  39. 

June  28tb. 

June  29th. 

June  30th. 

A.  M. 

June  30tb. 
p.  M. 

July  l8t. 

14    

1.97 
3.32 
4.81 
6.91 
6.68 
6.25 
6.09 
6  27 
6.13 
6.44 
6.16 
6.29 
5.:« 

1.64 
3  30 
4.54 
5.28 
6.33 
5.8-2 
6.02 
6.22 
5.87 
6.01 
6.47 
5.97 
6.27 

1.831 
3.111 
4.547 
4.547 
5.062 
5.367 
5.282 
6.166 
5.162 
6.026 
5.255 
5.127 
4.482 
3.551 

1.927 
3.319 
4.597 
4.880 
4.852 
4.992 
6.437 
5.527 
4.806 
4.992 
5.2H2 
5.437 
5.139 

1  592 

13 

2.809 

12     

4.416 

11 

4.3.52 

10 

4.290 

9 

8     

6.151 

7  

5.198 

6 

5 

4 

5.151 

3     

5.023 

2   

4.509 

3  80         1             3. 74 

3.418 
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Mr.  Hiiler.  These  observations  show  that  the  locus  of  the  maximum  velocity  at- 
the  Ai'kansas  City  station  during  the  four  days  was  constant ;  at  Sta- 
tion Jso.  4,  at  Chicot  City,  it  moved  from  June  28th  to  June  29th,  from 
Station  No.  10  to  Station  No.  4.  1  800  ft. ;  on  June  30th  it  was  at  the 
same  point.  From  the  morning  to  the  afternoon  of  that  day  it  moved 
from  Station  No.  4  to  Station  No.  7,  900  ft.,  and  fi'om  the  afternoon  of 
June  30th  to  the  morning  of  July  1st  it  moved  from  Station  No.  9  to 
Station  No.  7,  600  ft.  This  shifting  of  the  ciuTcnt  and  the  consequent 
variation  of  velocity  while  taking  meter  or  float  observations  will  ac- 
count for  many  seeming  discreiJancies  in  the  results,  for  the  reason 
that  it  takes  from  three  to  four  hours  to  make  a  set  of  either  of  these 
measurements,  and  during  this  interval  considerable  variation  in 
velocity  at  some  of  the  stations  may  exist,  due  to  the  meter  measure- 
ments following  in  the  Avake  of  the  movement  of  the  point  of  maxi- 
mum velocity,  or  vice  versa. 

That  the  change  in  the  velocity  curve  due  to  the  shifting  of  the 
currents  caused  by  winds,  caving  banks,  change  of  direction,  etc.,  and 
consequent  change  in  local  slojje  is  at  times  a  considerable  source 
of  error  in  the  results  obtained  by  present  methods  is  shown  by  an 
examination  of  the  field  notes.  Taking  the  discharge  at  Chicot  City 
as  an  example,  as  the  meter  was  run  beginning  with  Station  No.  14 
and  occupying  the  stations  in  regular  order  until  the  other  side  of  the 
river  was  reached,  it  is  evident  that  on  June  28th  and  29th  the  meas- 
urements would  follow  the  movement  of  maximum  velocity,  and  there- 
fore give  results  somewhat  too  large.  On  June  30th  and  July  1st 
the  reverse  would  be  the  case,  the  results  being  too  small.  As  the  locus 
of  the  maximum  velocity  on  the  Arkansas  City  station  remained  fixed, 
the  results  there  would  i)robably  l)e  moi-e  accurate. 

The  meter  and  float  observations  both  show  that  on  June  28th  and 
29th  the  Chicot  City  observations  were  larger  than  the  Arkansas  City 
observations,  and  on  June  30th  and  July  1st  much  smaller. 

These  meter  results  are  checked  by  float  observations  which  agree 
very  well.  As  the  meters  were  changed  as  well  as  the  observers,  and 
the  work  cheeked  by  the  float  method,  there  is  no  reason  to  doubt  the 
reliability  of  the  results  as  given  l)y  theinstrnments,  or  that  they  were 
the  actual  vt-locities  at  tlie  time.  It  seems  evident  that  the  change  in 
locus  of  maximum  velocity  and  mean  velocity  due  to  change  in  local 
slope  is  the  cause  of  a  i>art  of  the  difference  in  the  measurements. 
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The  change  in  reservoir  capacity  between  the  two  stations  would  also  Mr.  Hider. 
have  a  slight  effect,  and  the  form  and  depth  of  section  would  have 
some  influence,  but  neither  of  these  causes  nor  all  combined  are 
sufficient  to  account  for  the  discrepancies  above  referred  to.  There  is 
probably  a  considerable  loss  of  water  between  two  stations  100  miles 
apart,  from  infiltration  through  the  bottom  and  sides  of  the  river, 
which  is  from  GO  to  100  ft.  deep  and  flows  through  an  alluvial  bed,  due 
to  the  filling  up  of  an  immense  reservoir  drained  during  the  jjreceding 
low  water  season  :  how  miich  this  may  be  is  purely  a  matter  of  con- 
jecture. 

The  wide  difference  between  the  computed  discharges  at  Arkansas 
City  and  Wilson's  Point  in  1890-91  and  1892  suggested  to  the  writer  a 
possible  improvement  in  the  paethod  of  measuring  the  discharge, 
which  is  referred  to  in  the  paper  as  the  flanking  method.  This  change 
in  method  was  recommended  to  C.  McD.  Townsend,  M.  Am.  Soc.  C.  E. , 
the  engineer  officer  in  charge  of  the  district  at  the  time  these  tests  were 
made,  and,  in  connection  with  the  former  or  stationary  method,  has 
been  in  iise  since.  The  usiial  method  was  to  divide  the  entire  width 
of  the  river  into  sections  of  about  300  ft.,  ascertaining  the  velocity  in 
the  middle  of  the  section  by  running  a  meter  for  five  consecutive  min- 
utes, and  assuming  the  average  velocity  so  obtained  as  the  mean  veloc- 
ity of  the  entii-e  300  ft. 

The  change  in  method  may  be  briefly  outlined  as  follows : 

For  the  Stationary  Method. — To  divide  the  cross-section  of  the  river 
into  a  greater  number  of  equal  parts,  twenty-four  instead  of  twelve. 

For  the  Flanking  Method. — First,  to  submerge  the  meter  15  ft.,  or 
if  necessary  20  ft.,  below  the  surface,  so  as  to  be  below  any  disturbance 
caused  by  the  movement  of  the  boat;  second,  to  start  the  boat  at  a  slow 
rate  of  speed  across  the  river,  keeping  on- the  discharge  range,  noting 
the  registration  of  the  meter,  and  the  time  of  passage  between  each 
division;  thii'd,  to  sound  the  section  diiriug  or  immediately  after  the 
meter  observations  ai-e  taken. 

The  advantages  of  these  changes  are  the  following: 

In  the  stationary  method  the  accuracy  of  the  work  is  increased  by 
doubling  the  number  of  divisions  into  which  the  section  of  the  river  is 
divided,  and  obtaining  a  mean  velocity  of  each  division. 

In  the  flanking  method,  the  meter  can  be  more  easily  manipulated 
at  a  depth  of  15  to  20  ft.  than  40  or  50  ft.  below  the  surface. 
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Mr.  Hider.  Three  or  four  discharges  can  be  nieasured  the  same  day  if  neces- 
sary. 

By  noting  the  time  and  registrations  between  each  division  and 
making  the  proper  correction  for  lateral  motion  of  the  boat  and  depth 
of  submersion  of  the  meter,  a  nearer  approximation  to  the  true  results 
will  be  obtained  than  by  the  usual  method  of  assuming  that  the  average 
velocity  taken  in  the  middle  of  a  300-ft.  section  in  the  river  will  give  a 
mean  velocity  for  the  entire  300  ft.,  as  the  field  notes  show  that  the 
current  is  extremely  variable  and  continually  shifting.  Another  ad- 
vantage is  that  the  usual  time  of  taking  the  meter  observations  by  the 
stationary  method  is  from  two  and  a  half  to  three  and  a  half  hours, 
while  by  the  tiankiug  method  a  complete  set  of  observations  across  the 
river  and  back  does  not  occupy  more  than  one-third  of  the  time,  allow- 
ing two  sets  of  measurements  to  be  made  the  same  day. 

The  true  velocity  can  be  readily  deduced  by  the  simj^le  formula 
V  =  y'  v'  —  v",  where  v  is  the  true  velocity,  v'  is  the  velocity  in  feet 
per  second  as  given  by  the  meter  between  stations,  and  v"  is  the 
velocity  of  movement  of  the  boat  across  the  range  between  stations. 

By  the  stationary  method  it  is  assumed  that  the  average  velocity  of 
a  filament  of  water  from  900  to  1  800  ft.  in  length  passing  through  a 
section  of  the  river  150  to  300  ft.  wide  represents  the  mean  velocity  of 
the  water  flowing  throiigh  that  section. 

By  the  flanking  method  there  is  obtained  an  integration  of  all  the 
different  velocities  of  the  filaments  of  water  flowing  through  the  section 
at  a  uniform  dejjth  below  the  surface.  Applying  the  i^roper  correc- 
tion for  the  motion  of  the  boat  and  for  depth  of  immersion  should 
theoretically  give  more  accurate  results  than  the  stationai-y  method. 

Assuming  that  the  velocities  and  directions  of  flow  through  the 
section  during  the  time  interval,  generally  a  little  less  than  an  hour, 
remain  constant  while  the  observation  is  being  taken  from  one  side  of 
the  river  and  back,  in  crossing  the  river  in  the  same  direction  as  the 
lateral  flow,  the  meter,  after  the  proper  correction  is  made  for  the 
motion  of  the  boat,  would  register  the  normal  flow  through  the  section, 
less  the  decrease  of  discharge  due  to  the  lateral  movement  of  the 
water.  Returning  across  the  river  against  the  direction  of  the  lateral 
flow,  the  meter  would  register  the  normal  flow  plus  the  increment  due 
to  the  lateral  movement  of  the  water.  It  is  immaterial  whether  all 
the  filaments  of  the  water  are  inclined  in  the  same  direction  or  not,  it 
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Mr.  Hider.  is  seldom  that  the  direction  of  the  current  in  reference  to  the  discharge 
range  is  relatively  the  same  on  both  sides  of  the  river  during  high 
water. 

The  normal  discharge  at  right  angles  to  the  section  would  be  the 
mean  of  the  measurements  taken  across  the  river  and  back  again,  and 
the  excess  of  lateral  flow  in  one  direction  one-half  their  diflference. 

A  few  observations  recently  taken  by  both  the  stationary  and  flank- 
ing methods  at  stations  about  100  miles  apart  when  the  disturbing  ele- 
ments, boils,  eddies,  irregularity  of  flow,  etc.,  to  which  the  river  is 


subject  at  high  water  were  at  their  minimum,  are  given  in  the  table  on 
the  preceding  page. 

The  reason  of  the  wide  discrepancies  in  results  between  the  two 
methods  at  the  Warrenton  station  can  T)e  seen  by  an  inspection  of 
Fig.  2,  showing  the  direction  of  the  current  relative  to  the  discharge 
range.  The  importance  of  taking  this  lateral  flow  into  consideration 
in  all  discharge  measurements  is  evident. 

C.  McD.  TowNSEND,  M.  Am.  Soc.  C.  E. — The  author's  detluctions 
as  to  the  heights  to  which  the  Mississippi  River  may  rise  when  con- 
fined are  full  of  vital  imi)ortance  to  thoso  interested  in  levee  matters, 
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but  it  is  believed  he  lias  rendered  a  still  more  valuable  service  to  the  Mr.  Townsend 
engineering  profession  as  a  whole  by  gracefully  removing  the  mask 
from  that  venerable  formula  t?  =  c  V'^'S.  When  it  is  shown  that  the 
flow  of  water  in  rivers  fulfils  none  of  the  conditions  on  which  the 
formula  is  based,  the  cross-section  not  being  uniform,  the  velocity 
constant  nor  the  filaments  of  water  flowing  in  parallel  jsaths,  it  is  not 
surprising  that  difficiilty  is  experienced  in  its  ajiplication.  The  author, 
however,  makes  a  much  more  serious  attack  when  he  demonstrates  that 
on  any  section  the  velocity  may  not  bear  a  direct  relation  to  the  hy- 
draulic mean  depth,  but  an  inverse  relation,  and  that  the  local  slopes 
may  not  bear  the  relation  to  v  that  the  formula  indicates.  Mathemat- 
ics is  but  a  jirocess  of  reasoning,  and,  starting  with  false  premises, 
cannot  lead  to  proper  conclusions.  The  author  appears  to  think  there 
is  an  opportunity  to  convert  falsehood  into  truth  by  multiplying  by  a 
variable,  and  the  question  arises  as  to  what  is  the  value  of  the  quan- 
tity that  will  convert  the  square  root  of  the  product  of  the  hydraulic 
mean  depth  of  an  accidental  section  and  an  imaginary  slojje  called  a 
mean  slope  into  another  imaginary  quantity  called  mean  velocity.  It 
is  shown  that  the  location  and  form  of  the  discharge  section  bear  an 
important  relation  to  this  value.  An  insjiection  of  the  formula  shows 
that  c  can  be  made  to  vary  between  zero  and  infinity  on  most  rivers  by 
varying  the  location  of  the  discharge  section,  selecting  the  edge  of  a 
fall  in  one  case  near  the  river's  source,  and  in  the  other  a  section  near 
the  mouth  under  tidal  influence  when  the  slope  happens  to  be  nega- 
tive. The  value  of  c  depends  on  the  relation  that  the  discharge  sec- 
tion bears  to  a  mean  river  section  and  local  slopes  to  mean  slopes;  in 
other  words,  on  the  fallacies  that  enter  the  original  jiremises.  The 
necessity  for  the  author's  caution  in  applying  the  formula  is  therefore 
evident.  Every  variety  of  falsehood  changes  the  value  of  c,  and  it 
therefore  results  that  c  varies  with  the  section,  with  the  stage,  with  the 
slope,  and  with  various  accidental  conditions.  When  the  author  con- 
structs an  imaginary  river  where  v  =  c  V  rs  represents  a  true  relation, 
the  value  of  c  becomes  determinate. 

An  apt  illustration  of  the  above  thought  is  given  in  the  paper.* 
The  measurements  of  discharge  in  1893  at  Bachelor's  Bend  and  War- 
field's  Point  were  taken  to  determine  what  influence,  if  any,  the  loca- 
tion of  the  discharge  section  has  on  discharge  measurements.     The 

*  See  TranSMtimis,  Vol.  xxxiv,  p.  401. 
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Mr.  Townsend.  section  at  Bachelor's  Bend  was  located  in  a  sharp  curve,  and  the  sec- 
tion at  Warfield's  Point  on  the  crossing  below  it ;  the  large  error  found 
at  the  former  locality  simply  indicates  that  the  section  selected  ditiers 
widely  from  the  mean  river  section,  and  the  local  slopes  from  mean 
slopes,  proving  that  the  section  was  a  good  one  for  the  purpose  in- 
tended, but  very  poor  for  obtaining  correct  discharges. 

Text  books  offer  excellent  advice  to  select  a  location  for  a  discharge 
section  in  a  straight  reach  of  uniform  cross-section  where  the  filaments 
of  water  are  flowing  in  parallel  lines.  If  this  advice  could  be  followed, 
not  o^ily  could  accurate  discharges  be  obtained,  but  the  author's  troubles 
with  the  formula  v  =  c  \^  r  s  would  disappear.  The  whole  trouble 
arises  becauses  the  Mississippi  is  not  that  variety  of  a  river;  straight 
reaches  are  few,  uniformity  of  cross-section  is  an  iridescent  dream, 
the  threads  of  flow  are  most  complicated  skeins.  In  obtaining  high- 
water  discharges,  it  is  essential  to  select  a  location  where  the  flow  of 
water  is  unobstructed  by  trees  and  undergrowth,  as  the  determination 
of  discharges  under  such  conditions  cannot  be  accurate.  In  the  upper 
portions  of  the  river  this  limits  the  discharge  stations  to  a  few  locali- 
ties. The  discharge  must,  therefore,  be  measured  where  oppor- 
tunities occur,  not  where  theoretical  considerations  would  indicate  it 
was  most  desirable,  and  to  the  necessarily  faulty  location  of  the  dis- 
charge section  the  writer  attributes  many  of  the  observed  discrepancies 
in  discharge  measurements.  The  fact  that  there  was  a  deflection  in  the 
threads  of  current  at  Arkansas  City  of  10-  30'  was  not  the  controlling 
feature  in  the  process  of  reasoning  given  by  the  author,*  but  that  the 
floats  followed  paths  which  were  approximately  arcs  of  circles  concave 
to  the  Mississii^pi  bank,  with  radii  of  curvature  of  between  6  000  and 
7  000  ft. ,  that  there  was  a  marked  difl'erence  in  the  water  level  on  the  two 
banks  of  the  river,  and  that  the  local  slopes  on  the  Arkansas  side  were 
very  gentle,  and  on  the  Mississipjji  side  very  steep. 

If  the  tendency  of  water  under  the  action  of  a  centrifugal  force  is  to 
move  in  spiral  paths,  the  conditions  at  Arkansas  City  are  favorable  to 
the  development  of  such  action.  At  Wilson's  Point,  on  the  contrary, 
though  some  of  the  filaments  of  water  follow  curved  paths,  some  are 
concave  to  the  Mississippi  shore  and  some  to  the  Louisiana  shore,  a 
condition  not  favoraVjle  to  the  development  of  centrifugal  force. 

A  direction-current  meter  will  not  solve  the  difficulties  which  arise  in 


•  See  Trantactiom,  Vol.  xxxIt,  p.  873. 
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such  a  case.  It  may  give  the  direction  and  intensity  of  a  resultant  Mr.  Town  send, 
force,  but  neither  the  intensity  nor  direction  of  the  components  into 
which  it  must  be  divided  will  be  known.  In  a  pipe  or  canal  the  de- 
termination of  the  cross-section  is  simi^le,  but  it  is  far  from  being  the 
case  in  a  river.  It  has  been  customary  to  select  a  section  approximately 
at  right  angles  to  the  direction  of  the  current,  and  if  the  filaments  of 
water  move  in  right  lines,  the  projection  of  those  lines  on  planes  per- 
pendicular to  the  discharge  section  gives  a  correction  to  the  velocity 
that  enables  discharge  measurements  to  be  made  accurately,  but  if  the 
spiral  motion  of  the  water  be  admitted,  then  not  only  is  the  resultant 
velocity  greater  than  the  true  velocity  with  which  the  water  is  running 
down  the  river,  but  the  area  of  the  section  selected  varies  from  that  of 
the  proper  section  by  an  amoi;nt  dependent  upon  the  inclination  of  the 
spiral.  The  multiplication  of  these  two  quantities  together  may  lead 
to  large  errors.  This  fact,  however,  does  not  materially  affect  the 
author's  deductions.  It  is  possible  that  an  imknown  quantity  x  may 
be  a  better  expression  than  cubic  feet  per  second  for  the  unit,  on  which 
his  numerical  relations  depend.  The  same  discharge  curve,  however, 
will  be  obtained  if  x's  of  the  same  value  are  compared.  The  analysis 
to  which  the  discharge  measurements  are  subjected  tends  to  prodiice 
such  a  result.  It  may  be  that  the  discharge  observations  rejected  at 
Wilson's  Point  as  too  small  may  give  the  most  accurate  discharge  in 
cubic  feet  per  second,  but  they  are  properly  rejected  when  an  investi- 
gation indicates  that  they  are  not  based  on  the  same  x  that  is  the  iinit 
for  the  Arkansas  City  discharges. 

The  author's  deductions  of  the  height  that  the  confined  river  will 
attain  reopens  a  subject  which  has  been  discussed  in  the  Mississijjpi 
valley  since  the  days  of  Humphreys  and  Abbott.  Two  schools  of  en- 
gineers have  arisen,  one,  of  Avhich  the  author  by  the  publication  of  his 
paper  becomes  an  aide  exiionent,  maintaining  that  the  height  that  floods 
will  ultimately  attain  in  a  leveed  river  can  be  mathematically  de- 
termined; the  other,  that  the  influence  of  the  confined  river  in  enlarg- 
ing the  river  channel  will  vitiate  any  mathematical  deduction.  With 
one  school,  the  author's  arguments  will  appear  conclusive;  with  the 
other,  the  essential  item  will  be  found  in  the  statement*  that  "  the  sec- 
tion at  Arkansas  City,  with  all  its  temporary  mutations,  remains  the 
same." 

*See  Transactions,  Vol.  xxxlv,  p.  489. 
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Mr.  Towusend.  The  levees  have  now  been  constructed  to  such  dimensions  that  if 
thej  are  capable  of  producing  any  effect  on  the  river  channel,  there 
should  be  evidences  of  the  fact,  and  it  is  the  writer's  purpose  to  sum 
up  the  evidence  that  exists  of  the  enlargement  of  cross-section  that 
has  accompanied  levee  construction,  and  to  discuss  the  effects  which 
enlargement  of  section  will  produce  on  flood  heights.  This  discussion 
leads  to  a  deduction  of  levee  grades  bv  a  process  of  reasoning  entirely 
independent  of  that  iJursued  in  the  paper.  For  those  engineers  who 
have  not  been  heretofore  interested  in  levee  construction  to  under- 
stand the  discussion  some  information  is  necessary  concerning  the 
work  which  has  been  done  on  the  Mississippi  River  in  recent  years. 
It  is  proposed,  therefore,  to  preface  the  discussion  by  a  description  as 
brief  as  practicable  of  the  levees  of  the  IVIississippi  River. 

TABLE  A. — Cubic  Yabds  in  Levees. 


Length 

IN  Miles. 

Cubic  Yards  in  Lkvkes. 

River. 

Levee  line. 

1882. 

1895, 

Lower  St.  Francis 

223 

34 

45 

120 

210 

118 

88 

155 

123 

71 

58 

123 

68 

118 

32 

33.5 
123.9 
190 
*90.8 

87.4 
121.6 
*104 
♦71.3 

60 
125.8 

60 

2  606  bob 

5  968  726 

1  788  300 

3  181  000 
5  289  000 
5  043  784 

2  735  284 
501  860 

4  264  638 
1  367  680 

3  637  083 

Upper  White 

2  103  132 

Lower  White 

2  108  710 

10  434  395 

19  700  000 

9  340  917 

Middle  Tensas 

9  357  861 
10  906  816 

Atcbafalay  a 

12  295  714 

La  Fourche 

5  592  863 

Barataria 

1  736  870 

Pontchartrain 

9  637  297 

Lake  Borgne 

2  096  649 

*  Length  on  Mississippi  Biver. 

Prior  to  the  war  between  the  States,  the  fronts  of  the  different 
basins  were  covered  by  lines  of  levees,  though  of  weak  profile  and  in- 
sufficient height.  During  the  war  the  contending  armies  frequently 
cut  the  lines,  and  the  floods  of  18(32  and  1805  very  generally  destroyed 
what  the  troops  left.  Spasmodic  efforts  were  afterward  made  by 
local  authorities  to  repair  their  levees,  but  the  flood  of  1882  again  de- 
vastated the  entire  valley.  At  this  jjeriod  the  United  States  Govern- 
ment oftered  assistance  in  reconstructing  the  levee  line,  and  since 
that  date  the  work  has  been  vigorously  prosecuted  by  the  general 
government  and  by  State  and  local  authorities.  In  Table  A  are  given 
the  cubic  yards  in  the  levee  lines  of   the  various  districts  after  the 
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flood  of  1882,  and  on  June  30th,  1895,  and  tlie  total  length  by  river  Mr.Townsend. 
of  the  different  districts.  Fig.  3  shows  cross-sections  of  levees  such 
as  existed  in  the  Upper  Tensas  District,  in  which  Arkansas  City  is 
situated,  in  1882,  and  such  as  will  be  found  throughout  the  district 
before  the  flood  of  1896,  when  the  work  noAv  under  contract  will  be 
completed.  The  section  of  1882  has  been  determined  by  dividing  the 
contents  of  the  levee  line  that  then  existed  by  its  length.  The 
broken  and  dotted  line  of  the  diagram  shows  a  section  to  restrain  a 
flood  of  the  dimensions  indicated  in  the  paper,  with  an  allowance  of 
Ij  ft.  for  wave-action.  It  may  be  noticed  from  this  diagram  that  the 
forms  adopted  for  the  levee  section  differ  materially  from  those  which 
obtain  in  reservoir  construction.  The  causes  of  this  difference  arise 
from  the  impracticability  of  finding  in  an  alluvial  valley  the  founda- 
tion impervious  to  water  that  is  an  essential  condition  in  reservoir 
construction.  The  material  for  constructing  the  puddled  core  is  also 
not  readily  obtainable,  and  its  vahie  is  not  so  evident  when  it  can  be 
readily  flanked  by  water  passing  through  a  permeable  foundation  into 
the  embankment  beyond. 

The  essential  condition  of  levee  construction  is  a  mound  of  earth 
of  sufficient  height  so  that  water  cannot  flow  over  its  top;  of  sufficient 
mass,  so  that  surfaces  of  saturation  cannot  be  formed  through  it  on 
which  the  superincumbent  material  will  slide;  of  sufl&cient  width  of 
base,  so  that  the  water  flowing  through  the  permeable  foundation  will 
not  have  sufficient  force  to  remove  any  material,  it  being  assumed  that 
the  earth  has  been  placed  with  care,  so  that  there  are  no  channels 
left  across  the  embankment  through  which  the  water  can  directly 
flow.  This  mound  of  earth  must  be  protected  from  the  eroding 
action  of  rains,  and  its  river  surface  from  erosion  by  river  currents 
and  waves  during  floods.  The  grade  miist  be  somewhat  higher  than 
the  highest  flood  to  afford  protection  against  wave  action  during 
storms. 

With  the  extreme  variations  in  permeability  which  are  found  in  the 
soils  of  which  levees  are  constructed,  variations  in  form  become  neces- 
sary, but  i)ractical  experience  with  the  soils  of  the  Mississippi  bot- 
toms has  developed  certain  forms  which  are  of  general  application. 
A  slope  of  1  on  3,  when  well  sodded  with  Bermuda  grass,  has  been 
found  to  resist  the  action  of  rain,  of  river  ciirrents  and  of  minor  waves. 
In  localities  exposed  to  the  full  force  of  waves  through  long  reaches  of 
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Mr.  Townsend.  the  river,  it  is  necessary  either  to  reinforce  the  sod  with  some  more 
permanent  form  of  revetment,  or  to  adopt  a  gentler  slope. 

A  width  of  crown  varying  from  6  to  10  ft.  generally  exists.  The 
■width  to  be  given  to  the  crown  is  interdependent  with  the  slope  to  be 
given  the  land  side  of  the  levee.  An  8-ft.  crown  affords  convenient 
space  for  patrolling  the  levee  line  during  floods,  and  storing  such 
material  as  may  be  requii-ed  to  repair  any  damage  which  may  be 
inflicted  by  storms.  With  a  width  of  crown  of  8  ft.,  a  land  slope  of  1 
on  2  can  be  safely  employed  until  the  levee  attains  a  height  of  6  ft. ; 
with  higher  levees,  unless  the  soil  is  especially  adapted  to  levee  con- 
struction, there  is  a  tendency  to  form  surfaces  of  saturation  through 
the  mass  on  which  the  uiijier  portion  is  liable  to  slide.  Levees  not 
exceeding  12  or  14  ft.  require  a  land   slojje  of  1  on  3  ;   above  these 
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heights  in  the  upi^er  basins  of  the  river,  trouble  begins  to  be  experi- 
enced with  the  foundation,  and  still  gentler  slopes  are  necessary,  or  the 
same  results  may  be  attained  by  adding  to  the  base  a  mound  of  earth 
termed  a  banquette.  These  banquettes  have  been  built  of  various 
dimensions  and  sloiies,  varying  from  10  to  40  ft.  in  Aridth,  their  crests 
from  6  to  10  ft.  from  crown  of  levee,  with  land  slojjes  from  1  on  3  to  1 
on  5,  and  with  top  slojjes  from  1  on  40  to  1  on  10. 

In  the  Fourth  United  States  District,  recognizing  these  principles, 
a  form  of  section  shown  in  Fig.  3  has  been  employed.  The  width 
of  crown  is  8  ft.,  river  slope  1  on  3,  the  land  slope  for  a  vertical 
distance  of  6  ft.  from  the  crown  is  1  on  24,  for  the  next  6  ft., 
1  on  4;  below  this.  1  on  0.  The  objection  to  this  form  is  that 
it  does  not  lend  itself  readily  to  levee  enlargement.     Owing  to  lack 
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of  fiinds  in  nearly  all  the  districts  it  has  been  impracticable  to  Mr.Townsend 
build  levees  of  the  dimensions  it  is  recognized  they  must  ultimately 
attain.  The  hope  is  entertained  that  several  years  will  elapse  before  a 
great  flood  will  occur,  and  safety  is  sought  against  the  minor  rises 
which  are  sure  to  happen.  A  weak  section  is  first  adojited,  which  is 
afterward  enlai-ged  as  it  exhibits  signs  of  failing,  and  more  money 
becomes  available.  A  trapezoid  with  the  width  of  the  crown  adjusted 
to  the  financial  conditions  of  districts,  and  slopes  of  1  on  3,  is  well 
adajited  to  this  method  of  treatment.  If  its  base  shows  signs  of  fail- 
ing, it  can  be  strengthened  by  a  banquette  even  during  a  flood,  and  it 
can  be  readily  enlarged  on  the  river  side  without  destroying  the  sod 
on  the  other  slope.  The  section  shown  in  Fig.  3  must  be  enlarged 
on  the  land  side  or  the  slopes  readjusted.  While  these  levee  sections 
have  resulted  from  practical  experience  rather  than  from  theoretical 
■considerations,  it  may  be  noted  that  the  sections  most  generally  em- 
ployed in  recent  years  insure  an  angle  of  repose  of  dry  earth  on  wet 
clay  of  14-  when  water  is  at  the  top  of  the  levee,  the  limiting  angle  for 
such  materials.  When  compared  with  European  practice,  it  will  be 
found  that  European  levees  have  in  general  a  greater  width  of  cro-n-n 
and  steeper  land  slopes  than  are  found  in  Mississippi  levees,  but  about 
the  same  width  of  base.* 

The  engineers  engaged  in  levee  construction  have  heretofore  adopted 
what  has  aptly  been  termed  provisional  grades  for  their  levees.  The  im- 
possibility of  restraining  great  floods  with  the  money  available  was  early 
recognized  in  the  various  districts,  and  grades  were  adjusted  to  their 
financial  requirements.  In  1882  the  gaps  in  the  levee  line  were  closed 
to  the  height  of  the  flood  of  1882.  As  more  money  became  available, 
levees  were  built  to  a  grade  3  ft.  above  the  flood  of  1882.  In  recent 
years  the  following  i)rovi8ional  gi-ades  have  been  adopted:  In  the  Third 
United  States  District  and  by  Louisiana  authorities,  3  ft.  above  the 
highest  flood;  in  the  Fourth  United  States  District,  2^  ft.  above  the 
highest  flood,  and  in  the  Upper  Yazoo  District,  4  ft.  above  the  flood  of 
1890;  in  the  Lower  Yazoo  District,  4  ft.  above  the  flood  of  1891;  in  the 
St.  Francis  District,  3  ft.  above  the  flood  of  1882.  The  grades  adopted 
by  the  Lower  Yazoo  and  Tliird  United  States  Districts  are  nearly  equal 
to  the  United  States  grade,  being  a  little  higher  than  the  local  grade 
at  the   upper  end   of  the   district  and  a  little   lower  at   the  lower 

♦See  paper  entitUid,  "  Some  Notes  on  the  Holland  Dikes,*'   Transactions,  Vol.  xxyl,  p.  559, 
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Mr.  Tovrnsend.  end.  Tliev  are  both  about  1  ft.  below  tlie  grade  of  the  Upper  Yazoo 
District. 

Bv  March  1st,  1896,  it  is  anticipated  that  the  levees  constructed  in 
these  districts  will  be  generally  brought  to  standard  section  and  to 
provisional  grade,  and  in  a  number  of  districts  higher  grades  than 
those  specified  have  recently  been  adopted. 

While  the  levees  are  in  an  incomplete  condition  their  influence  on 
the  high-water  discharge  of  the  Mississippi  River  is  already  percept- 
ible. In  the  following  table  are  given  the  maximum  measured  dis- 
charges in  the  river  channel,  and  the  estimated  discharge  across  the 
alluvial  valley  at  the  latitude  of  Lake  Providence  in  1882  and  from  1890 
to  1893: 


Date. 

Measured 
discharge. 

Estimated  flow 
across  the  valley. 

1882 

1057  000 
1  288  000 
1  346  000 
1  430  000 
1  498  000 

2  000  000 

18aO - 

1  720  000 

1891 

1400  000 

1892 

1760  000 

1893 

1  750  000 

This  table  is  derived  from  the  reports  of  the  Mississippi  River  Com- 
mission, and  has  not  been  submitted  to  the  rigid  analysis  that  charac- 
terizes the  paper.  The  results  are,  however,  given  as  reported,  as  they 
have  been  used  as  arguments  for  solving  the  question  of  ultimate  flood 
heights.  The  discharges  at  the  latitude  of  Lake  Providence  are  the 
roughest  approximations,  as  explained  in  the  paper.  The  increased 
river  discharge  has  been  accompanied  at  Lake  Providence  by  an  in- 
crease of  3i  ft.  in  flood  heights.  In  Table  B  are  given  the  flood 
heights  since  1872  at  the  principal  gauge  stations  on  the  river  from 
Helena  to  the  mouth  of  the  Red  River. 

While  no  great  flood  has  been  entirely  restrained,  the  gradual  in- 
crease in  the  area  of  land  protected  from  overflow  is  as  marked  as  the 
increase  in  flood  heights.  During  the  floods  of  1882,  1883  and  1884  the 
valley  of  the  Mississippi  River  was  generally  overflowed,  but  in  1890 
between  80  and  H5%  of  the  Yazoo  Basin  was  protected,  lu  1H91  the 
amount  of  land  overflowed  in  this  basin  was  still  less,  and  in  1892  and 
1893  the  levees  afiForded  it  complete  protection.  The  Arkansas  districta 
have  been  generally  overflowed  during  every  flood,  though  in  the  Upper 
Tensas  District  the  levee  line  was  successfullv  maintained  in  1891. 


CORRESPOXDEXCE   OM"   DISCHARGE    OF   THE    MISSISSIPPI.     345 


Below  the  Red  Eiver  iu  1890,  on  the  right  hank,  a  continuous  line  Mr.  Townsend. 
of  180  miles  was  maintained,  and  on  the  left  bank  there  were  200  miles 
with  hut  one  break.  In  1891,  two  crevasses  occurred — one,  the  Ames 
crevasse,  overflowed  a  territory  of  about  2  000  square  miles;  the  second, 
the  Fernsley  crevasse,  occurred  as  the  river  was  falUng;  it  attained  a 
width  of  but  97  ft.,  was  readily  closed  and  inflicted  only  local  injury. 
In  1892  there  was  but  one  crevasse  in  the  Mississippi  levees  of  the 
Atchafalaya  Basin.  In  1893  no  crevasses  occurred  in  the  Atchafalaya 
nor  in  the  La  Fourche  Basin  above  New  Orleans. 

A  summary  of  the  evidence  of  enlargement  of  section  accompanying 
levee  construction  will  now  be  given.      If  the  discharge  observations 
TABLE  B.— Flood  Heights  Sinx'e  1872. 


Year. 

Cairo. 

Helena. 

White  Kiver. 

Arkansas 
City. 

Lake 
Providence. 

Vicksburg. 

Natchez. 

Red 
River. 

1872.... 

39.2 

39.0 

40.2 

35.1 

39.5 

39.8 

39  4 

1873.... 

41.5 

40.0 

42.9 

36.1 

40.6 

40.1 

39.0 

1874.... 

47.4 

45.8 

37.4 

45.7 

45.6 

47.0 

1875.... 

43.7 

42.4 

45!6 

37.3 

43.0 

41.8 

40  4 

1876.... 

46.4 

44.8 

46.7 

37.9 

44.9 

43.8 

45.4 

1877.... 

40.5 

41.8 

44. G 

35.8 

41.6 

40.7 

40.5 

1878.... 

37.0 

38.7 

35.8 

40.9 

39.2 

1879. . . . 

36.5 

37.2 

36.0 

39.4 

36.8 

35^9 

1880.... 

44.6 

43.7 

46  .'5 

45  ."i 

38.0 

43.1 

43.5 

44.0 

1881 .... 

45.8 

43.7 

45.7 

44.3 

36.2 

41.8 

40.8 

40.1 

1882.... 

51.9 

47.2 

48.4 

47.1 

38.3 

48.7 

47.7 

48.5 

1883.... 

52.2 

46.9 

48.0 

46.3 

36.5 

43.8 

44.0 

45  2 

1884.... 

61.8 

47.0 

47.9 

46.5 

38.4 

49 

47.4 

47.3 

1885.... 

39 

40.7 

43.6 

42.6 

35.5 

42.4 

42.6 

41.9 

1886.... 

51 

48.1 

48.2 

46.9 

.37.9 

44.1 

43.7 

41.9 

1887.... 

48.5 

46.4 

47.7 

46.8 

38 

44.7 

44.2 

43 

1888.... 

45.4 

42  8 

45.5 

45.4 

38.1 

44.2 

43.4 

41.7 

1889.... 

35  4 

34.1 

37.6 

36.2 

29.4 

34.4 

34.1 

34 

1890.... 

48.8 

47.7 

50  4 

49.5 

41 

49 

48.6 

48.6 

1891.... 

46.2 

44.7 

47  7 

48.2 

41 

48.3 

46.5 

45.5 

189-2.... 

48.2 

45.7 

49.3 

50 

41.9 

48.4 

48 

48.8 

1893.... 

49.3 

47.9 

49.5 

50.3 

41  8 

48.3 

46.8 

47.7 

quoted  by  the  author  are  examined,  it  will  be  seen  that  while  the  dis- 
charge section  at  Arkansas  City  in  1893  has  about  the  same  area  as  iu 
1884^85,  there  was  an  increase  in  area  from  1890  to  1893  which  compen- 
sates for  a  reduction  in  area  from  1885  to  1890.  During  1890,  1891,  1892 
and  1893  great  floods  occurred,  also  in  1882,  1883  and  1884,  while  from 
1885  to  1889  the  waters  of  the.  river  were  relatively  lower,  notably  in 
1889.  Colonel  Suter  has  informed  the  writer  that  from  surveys  made 
near  Arkansas  City  in  1879  at  about  11  and  33  ft.  on  the  Arkansas  City 
gauge,  the  area  of  cross-section  of  the  river  in  this  vicinity  in  1879 
corresponded  closely  to  that  which  is  shown  by  Mr.  Starling  in  1889, 
and  that  in  both  cases  these  areas  were  less  than  are  shown  by  the 
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Mr.  Townsend.  observations  of  1885  and  1893.  The  rear  1874  was  a  great  flood  rear 
corresponding  to  1884,  and  was  also  followed  hj  a  similar  period  of 
comparativelr  low  water.  This  would  indicate  that  at  this  locality 
during  large  flood  years  there  is  an  enlargement  of  channel  section,  fol- 
lowed bv  a  diminution  of  section  during  low- water  years. 

Annual  surveys  have  been  made  of  Lake  Providence  Reach  during 
low  water.  The  mean  results  of  these  surveys  are  graphically  repre- 
sented in  the  "  Report  of  the  Mississippi  River  Commission  for  1892." 
The  low-water  areas  appear  to  have  followed  a  similar  law  to  that 
of  the  area  of  cross-section  at  Arkansas  City.  A  large  increase  in 
recent  years  in  the  width  of  river  at  bank-full  stage  is  also  to  be  noted. 
At  the  same  stage,  the  discharge  at  Wilson's  Point  ajipears  to  have 
increased  since  1890.  Professor  Whiting,  by  comparing  recent  sur- 
veys with  the  i-ecords  of  the  Coast  and  Geodetic  Survey,  shows  that 
there  has  been  a  perceptible  enlargement  of  the  river  in  recent  years 
at  New  Orleans.  Such  evidence  is  not  conclusive  of  a  general  law  ap- 
plying to  the  whole  river.  What  may  be  termed  accidental  (unknown) 
conditions  may  have  especially  influenced  these  few  localities.  The 
entire  river  from  the  mouth  of  the  Arkansas  River  to  Vicksburg  has 
recently  been  resurveyed,  but  the  results  have  not  yet  been  published. 
An  examination  has,  therefore,  been  made  of  the  relations  which  exist 
between  the  gauges  which  have  been  established  at  various  localities. 

An  investigation  made  of  all  low-water  readings  from  1872  to  1892 
of  the  gauges  at  Cairo,  Helena,  mouth  of  White  River,  Lake  Provi- 
dence and  Vicksburg  will  be  found  tabulated  in  the  "  ReiJort  of  the 
Mississippi  River  Commission  for  1894,"  page  2971.  That  table  shows  a 
general  tendency  of  the  Helena  gauge  to  relatively  lower  reading  since 
1882  than  previously  existed,  when  comparison  is  made  with  the  Cairo 
gauge.  The  same  is  to  be  noticed  at  Vicksburg.  At  White  River,  on 
the  other  hand,  there  was  a  tendency  to  higher  readings  relatively  to 
Cairo  in  recent  years,  while  at  Lake  Providence  there  was  first  a  rise 
in  gauge  readings,  followed  by  a  fall.  During  the  low  water  of  1894 
the  gauges  at  Helena  and  White  River  -bore  the  same  relation  to  each 
other  as  existed  since  1887.  The  great  change  in  slope  which  accom- 
panied this  low  water  occurred  between  Cairo  and  Helena. 

The  gauges  which  have  been  established  on  the  Mississippi  River 
are  very  delicate  indices  of  any  change  in  its  regimen,  but  the  height 
which  is  recorded  on  a  gauge  is  affected,  not  only  by  changes  of  area 
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Mr.  Townsend.  of  cross-section,  but  by  any  otlier  cause  which  infliiences  slope,  such 
as  the  inflow  of  tributaries,  the  rate  the  river  rises  or  falls,  whether  the 
observation  is  taken  as  the  river  is  passing  from  a  high  to  a  low  stage, 
or  the  reverse. 

If  there  has  been  any  change  in  the  river  section  since  levee 
construction  has  been  resumed,  the  means  of  gauge  heights  for  long 
periods  before  and  after  1882  should  show  a  diflference;  though  large 
variations  may  be  due  to  other  changes  in  slopes,  the  means  should 
show  a  residual  which  has  been  produced  by  the  permanent  causes 
acting  during  the  periods  under  consideration. 

Acting  on  this  hypothesis,  the  heights  on  the  gauges  which  have 
been  attained  by  the  crests  of  rises  which  have  passed  Cairo  have  been 
tabulated  in  groups  varying  by  5  ft.,  from  5  to  35  ft.,  and  divided  inta 
two  sections,  from  1872  to  1882,  and  1883  to  1893.  The  heights  which 
these  rises  have  attained  at  the  principal  gauges  from  Helena  to  the 
mouth  of  Red  Eiver,  the  portion  of  the  river  where  levee  construc- 
tion has  been  most  active,  have  been  similarly  treated.  The  means  of 
the  various  groups  have  been  plotted  and  connected  by  lines  shown  in 
Fig.  4.  These  lines  do  not  represent  the  true  gauge  relations  which 
exist  at  any  time  between  Cairo  and  the  gauges  mentioned,  but  means 
about  which  the  readings  oscillate,  and  are  termed  mean  gauge  rela- 
tions. 

The  results  may  be  summed  up  as  follows:  That  the  crest  of  a  rise 
which  passes  Cairo  at  10  ft.  on  the  gauge  will  tend  to  pass  Helena 2  ft. 
lower  since  1882  than  formerly.  At  the  mouth  of  the  White  River  it 
will  tend  to  be  1  ft.  higher;  at  Lake  Providence,  1  ft.  lower;  at  Vicks- 
burg,  3  ft.  lower;  at  Natchez,  1  ft.  higher,  and  at  the  mouth  of  the  Red 
River  will  have  about  the  same  height.  The  crest  of  a  rise  of  30  ft.  at 
Cairo  now  passes  Helena  at  least  2  ft.  lower  than  prior  to  1882,  the 
mouth  of  White  River  at  the  same  height;  Lake  Providence,  3  ft. 
lower;  Vicksburg  at  about  the  same  height  as  it  did  in  1872,  and  about 
2  ft.  lower  than  it  did  from  1876  to  1880;  at  Natchez  and  the  mouth  of 
Red  River  it  will  attain  about  the  same  height. 

The  gauge  relations  submitted  for  Vicksburg  prior  to  1882  are, 
however,  not  satisfactory.  A  cut-off  occurred  in  1876  at  Delta  Point, 
opposite  that  city,  which  mad<'  a  great  change  in  the  regimen  of  the 
river  in  the  vicinity.  The  crests  of  rises  which  passed  Vicksburg  from 
1872  to  1H7()  arc  too  few  for  a  good  avenigc,  but  a])pear  to  indicate 
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Mr.  Townsend.  some  such  gauge  relation  as  above  stated.  When  the  ciit-ofif  occurred 
there  was  an  abriij^t  change  in  gauge  rehitious,  such  as  would  have  oc- 
curred if  the  gauge  had  been  moved  \\p  the  river  several  miles,  but 
retaining  its  zero  line  at  the  same  elevation  above  the  Gulf. 

Before  coming  to  the  conclusion  that  these  variations  in  gauge  rela- 
tions have  resulted  from  changes  in  sectional  area,  it  is  advisable  to 
investigate  the  other  causes  which  can  influence  slope.  The  first  to 
present  itself  to  the  mind  is  the  in-flow  of  a  tributary  stream.  Table 
C  gives  the  number  of  days  yearly  that  the  Mississippi  at  Cairo,  the 
Arkansas  at  Little  Rock,  and  the  White  River  at  Jacksonport,  have 
recorded  the  different  heights  stated  in  the  headings.  It  will  be  seen 
from  the  table  on  the  ^ireceding  page  that  in  recent  years  there  has 
been  a  large  increase  in  the  discharge  of  the  Arkansas  River,  and  a 
perceptible  increase  in  the  flow  of  the  White  River. 

While  this  increase  in  the  discharge  of  tributaries  might  account 
for  the  rise  of  jDlane  at  White  River,  it  cannot  account  for  the  lower- 
ing of  the  plane  at  Lake  Providence.  A  perturbation  produced  by 
the  discharge  of  a  tributary  is  regularly  propagated  from  gauge  to 
gauge,  but  could  not  cause  one  gauge  to  record  a  reading  higher  than 
the  normal,  and  the  next  a  lower  reading,  unless  it  exerted  some  influ- 
ence on  the  river  section. 

The  exti-eme  low-water  readings  which  are  found  at  the  diff'erent 
gauges  in  1894,  a  year  in  which  the  river  did  not  exceed  a  bank-full 
stage,  would  indicate  that  the  lowering  of  gauge  relations  might  be  a 
low-water  i)henomenon  with  which  levees  had  nothing  to  do.  The 
years  1890  to  1894  afford  an  excellent  opportunity  to  test  this  theory. 
At  Lake  Providence  from  1890  to  1894  the  gauge  annually  attained 
heights  differing  by  about  a  foot,  and  though  the  table  at  Cairo  would 
indicate  little  difference  in  the  period  the  river  was  above  the  overflow 
stage,  due  to  the  influence  of  the  Arkansas  and  White  Rivers,  the 
length  of  time  the  river  at  flood  stage  was  exerting  an  influence  at 
Lake  Providence  was  greatest  in  1890,  then  follow  1892,  1891,  1893,  and 
last  1894,  when  there  was  no  flood.  The  length  of  time  the  river  was  at  a 
low  stage  at  Lake  Providence  during  these  years  is  the  reverse,  1890 
being  the  shortest  period,  and  1894  the  longest.  On  the  curves  of 
mean  gauge  relations  at  Lake  Providence  and  at  the  mouth  of  the 
White  Rivf-r  are  jdotted,  in  Fig.  4,  the  actual  relations  that  existed 
during  these  years  while  the  river  was  passing  from  a  low  to  a  high 
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Mr.Townsend.  stage,  for  crests  of  rises  api^roximatiug  20  ft.  Au  examiuatiou  of  tliese 
actual  relations  shows  that  the  lowering  of  the  readings  has  varied 
directly  with  the  period  of  low  water  at  Lake  Providence.  By  a  similar 
process  of  reasoning  with  the  actual  gauge  relations  that  existed  in 
1872  and  1875,  the  years  in  which  the  river  remained  the  longest  and 
least  times  respectively  below  10  ft.  at  Cairo  prior  to  1882,  a  similar 
result  is  obtained. 

The  conclusion  is  obvious  that  low-water  conditions  can  eliminate 
or  obscure  the  results  due  to  high  water,  but  if  actual  gauge  relations 
prior  to  and  after  1882  are  compared,  it  will  be  seen  that  the  same  forces 
acting  in  a  river  at  a  low  stage  can  now  cause  a  greater  lowering  of  the 
gauge  at  Lake  Providence  than  formerly,  while  at  the  mouth  of  the 
White  River  the  influence  is  not  as  great.  This  is  clearly  exemplified 
by  comiJaring  the  actual  gauge  relations  of  1893  and  1872,  and  of  1875 
with  those  of  1890  and  1891. 

If  the  actual  relations  existing  as  a  river  is  passing  from  a  high 
to  a  low  stage  are  compared,  no  relation  is  apjiarent  between  the  height 
that  a  gauge  reads  and  the  period  the  river  is  above  an  overflow 
stage,  but  it  will  be  found  to  bear  a  definite  relation  to  the  length  of 
time  the  river  is  j)assing  from  high  to  low  water.  The  influence  of 
high  stages  is  obscured  by  medium  stages,  but,  as  with  low  stages,  the 
medium  stages  produce  in  recent  years  greater  results  at  Lake  Provi- 
dence than  at  the  mouth  of  the  White  River.  The  lines  of  the  dia- 
grams, therefore,  give  residual  results,  and  are  true  indices  of  changes 
which  have  taken  place  in  the  regimen  of  the  river  since  levee  con- 
struction has  been  resumed. 

If  a  20-in.  main  conveyed  water  from  a  reservoir  at  Cairo  to  the 
Gulf  of  Mexico,  a  hydraulic  grade  line  would  be  established  which 
is  represented  l)y  the  right  line  in  Fig.  5.  If,  however,  the  sections 
between  Helena  and  the  mouth  of  White  River,  and  Vicksburg  and 
Natchez,  were  removed,  and  30-in.  pipe  substituted,  the  hydraulic 
grade  line  would  not  remain  the  same,  but  would  take  some  such 
position  as  is  indicated  by  the  broken  line.  lu  a  rivi'r,  the  same  results 
would  be  attained,  if  between  the  same  localities  there  had  been  a 
diminution  in  resistance  to  flow  such  as  would  occur  from  au  increase 
in  area  of  croBB-Hectiou ;  at  tlie  upper  end  of  the  improved  reach  the 
water  would  move  away  faster  than  it  formerly  did,  while  it  could  not 
escape  from  the  lower  end  any  faster  until  it  had  acquired  head   sulfi- 
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cient  to  overcome  the  resistance  in  the  unimproved  portion  below.  Mr.Townsend. 
The  rise  in  plane  noted  at  the  mouth  of  the  White  Eiver  and  at  Natchez 
is  just  as  indicative  of  relative  reduction  in  resistance  to  flow  and  pos- 
sible enlargement  of  section  as  the  fall  in  plane  at  the  other  stations, 
but  it  shows  whatever  enlargement  has  taken  place  in  the  river  has 
only  been  partial;  that  some  reaches  have  been  more  affected  than 
others.  If  the  remainder  of  the  20-in.  pipe  were  replaced  by  30-in., 
the  hydraulic  grade  line  will  then  change  from  the  broken  line  back 
to  the  straight  line.  The  30-in.  main  will  be  under  exactly  the  same 
pressure  at  every  jaoint  as  was  the  20-in.,  but  it  will  discharge  into  the 
Gulf  much  more  water;  similarly,  if  a  river  were  connected  with  a 
large  lake  at  Cairo,  and  its  channel  were  uniformly  enlarged,  the  result 
would  be  to  discharge  more  water,  but  the  hydraulic  grade  line  would 
be  unaffected. 

It  may  be  objected  to  this  process  of  reasoning  that  there  is  no  lake 
at  Cairo,  and  that  the  straight  line  is  not  the  hydraulic  grade  line  of 
the  Mississippi  River.  The  writer  has  plotted  on  the  same  figure  the 
flood  heights  at  the  diflferent  gauge  stations  in  1893,  and  connected 
them  by  a  line  which  will  approximately  represent  the  existing 
hydraulic  grade  line  of  the  river  during  floods.  The  reason  this 
line  does  not  conform  to  the  right  line  in  the  diagram  is  because  there 
is  not  a  uniform  resistance  to  flow  from  Cairo  to  the  Gulf.  As  explained 
in  the  paper,  in  the  lower  portions  of  the  river  the  channel  offers  less 
resistance  to  discharge  than  above.  Returning  to  the  ilhistration  of  a 
pipe  line,  the  large  pipes  have  been  concentrated  at  the  lower  end  of 
the  river.  In  a  river  system  where  the  sections  offering  the  least 
resistance  to  flow  are  at  the  upper  portions  of  the  river,  as  exists  in 
the  St.  Lawrence,  the  hydraulic  grade  line  assumes  a  position  concave 
to  the  axis  of  distances  instead  of  convex,  as  is  the  case  with  the 
Mississi^jpi. 

It  is  extremely  desirable  to  reduce  flood  heights  from  Helena  to  the 
Gulf,  that  is,  to  establish  a  grade  line  represented  by  the  lower  broken 
line  in  the  diagram,  but  it  is  self-evident  that  to  attain  such  a  result, 
the  slojie  from  Cairo  to  Helena  must  be  increased  to  compensate  for 
the  reduction  in  slopes  below  Helena,  if  the  river  attains  the  same 
height  in  the  two  cases  at  Cairo.  To  obtain  such  a  result,  the  river 
must  remain  as  it  is  from  Cairo  to  Helena,  and  be  allowed  to  enlarge 
its  channel,  if  possible,  from  Helena  to  the  Gulf.     If   an  opposite 
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Mr.  TowQseud.  course  is  pursued,  aud  the  river  is  enlarged  from  Cairo  to  Helena 
faster  than  it  enlarges  below,  tlien  tlie  slope  between  Cairo  and  Helena 
will  diminish,  more  water  Avill  V)e  delivered  at  Helena  than  the  unim- 
proved river  below  can  carry  off,  except  under  increased  head,  and  the 
relative  gauge  readings  in  the  lower  river  will  be  increased. 

The  approximate  hydraulic  grade  line  of  the  St.  Lawrence  Eiver 
from  the  mouth  of  Lake  Superior  to  Montreal  is  added  to  the  diagram 
to  illustrate  what  would  result  if  resistance  to  flow  from  Cairo  to 
Vicksburg  was  reduced  to  a  minimum  and  concentrated  between 
Vicksburg  and  the  Gulf,  if  the  effective  head  which  exists  at  Cairo 
could  be  delivered  at  Ticksburg. 

The  only  other  assumption  requiring  examination  is  that  the  river 
might  retain  the  same  height  at  Cairo  if  its  channel  shoiild  be  enlarged. 
During  low  water  it  is  evident  that  it  could  not.  Under  present  con- 
ditions all  the  water  is  discharged  at  Cairo  that  is  received;  if  not,  the 
river  would  rise.  If,  however,  the  lower  river  was  enlarged  and  the 
resistance  to  flow  diminished,  it  would  discharge  a  greater  quantity  of 
water  under  the  same  head  than  at  present.  To  supply  this  discharge 
would  require  greater  velocities  in  the  upper  rivers  than  now  exist, 
which  could  only  be  obtained  by  increasing  the  slope,  viz. ,  by  lower- 
ing the  Caii'o  gauge.  During  high  water  a  very  different  state  of  affairs 
exists.  This  enlargement  of  section  from  Helena  to  Cairo  is  to  result 
from  the  construction  of  a  levee  line,  which  will  jirevent  the  inflow 
of  water  into  the  St.  Francis  Basin,  and  in  order  to  reduce  flood  heights 
at  Cairo,  there  must  result  an  enlargement  of  channel  section  which 
will  compensate  for  the  unrestricted  flow  of  the  crests  of  flood  waves  into 
a  basin  40  miles  wide,  containing  an  area  exceeding  6  000  square  miles. 

The  author  proves  that  higher  rather  than  lower  flood  heights  are 
to  be  apprehended  at  Cairo  with  a  completed  levee  system.  The 
gauges  indicate  the  same  thing.  The  levee  construction  in  the  basins 
below  the  mouths  of  the  Red  and  White  Rivers  and  below  Helena  have 
not  ])een  accompanied  by  lower  readings  of  the  gauges  at  those  locali- 
ties during  flood  stages. 

The  essential  element  it  is  sought  to  emphasize  by  this  discussion 
is  that  the  height  water  will  attain  is  primarily  a  function  of  the  effect- 
ive head  to  which  it  is  subjected  ;  that  in  a  pipe,  a  sewer,  a  big  ditch 
or  a  little  ditch,  if  the  i)ressure  on  opposite  sides  of  a  water  film  are 
equal  in  tlie  different  cases,  it  will  rise  to  the  same  height  independent 
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of  the  area  of  the  section  or  the  character  of  the  surrounding  medium.  Mr.  Townsend. 
Velocity  of  discharge  can  not  affect  flood  heights,  except  by  influenc- 
ing the  effective  head,  and  this  is  a  function  of  the  relative  velocities 
above  and  below  the  discharge  section,  rather  than  the  mean  velocity 
of  the  entire  river. 

Electrical  engineers  have  a  tendency  to  compare  electricity  to  water. 
Hydraulis  engineers  can  much  more  jirofitably  reverse  the  process,  as 
the  electrical  engineer  has  solved  many  of  his  mathematical  problems, 
while  the  hydraulics  of  rivers  shows  only  an  array  of  failures.  The 
electrical  formula,  C  =  £7 -^ /?,  gives  promise  of  better  results  when 
ajiplied  to  rivers  than  any  modification  of  v  =  c  s/  y  •'*,  though  trouble 
will  probably  be  experienced  in  determining  H.  With  an  electrical 
current,  by  increasing  the  size  of  the  wire,  thus  reducing  the  resist- 
ance R,  the  quantity  of  electricity  discharged  is  greater  ;  if  the  si^e  of 
the  wire  is  so  increased  as  to  short-circuit  the  battery,  the  electromo- 
tive force  rapidly  ruus  down.  In  a  river,  an  increase  in  cross-section 
increases  discharge  as  long  as  the  head  can  remain  constant,  but  a  large 
increase  in  cross-section  short-circuits  our  battery  and  reduces  the 
head.     That  is  what  takes  i^lace  in  an  unleveed  basin  during  floods. 

The  heights  attained  by  floods  at  the  different  stations  have  been 
l^lotted  in  Fig.  4,  and  the  curved  lines  inclosing  them  show  the  maxi- 
mum limits  that  floods  have  attained  at  the  different  stations  under 
varying  heads  at  Cairo.  At  all  the  stations  prior  to  1882  there  was  a 
tendency  of  these  limiting  curves  to  become  tangent  to  some  horizon- 
tal line  ;  that  is,  with  the  river  unrestrained  there  is  a  certain  height 
that  cannot  be  exceeded  at  the  station,  no  matter  what  height  the  river 
attains  at  Cairo  under  the  conditions  which  have  heretofore  existed. 
This  cutting  off  of  extreme  flood  heights  that  is  so  noticeable  in  the 
different  diagrams  is  attributalde  to  the  reservoir  capacity  of  the  dif- 
ferent basins.  Their  influence  may  be  compared  to  that  of  a  stand- 
pi2)e  in  a  water  system,  or  of  the  air-chamber  of  a  pump,  which  tends 
to  equalize  the  variations  of  pressure.  The  greatest  pump  pressures 
can  not  be  transmitted  beyond  the  air  chamber. 

The  curves  limiting  tlie  floods  since  1882,  in  all  cases  except  Vicks- 
burg,  show  a  rise,  and  the  tangency  to  horizontal  lines  is  also  loss  a\t- 
parent,  that  is,  levee  construction,  by  reducing  the  reservoir  capacity 
of  the  river,  has  already  markedly  raised  flood  heights.  As  the  reser- 
voir cajiacity  of  the  basins  is  still  further  reduced,  these  limiting  curves 
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Mr. Towneend.  will  still  more  closely  approach  the  line  of  gauge  relations  below  the 
overflow  stage,  and  if  the  reservoir  capacity  be  reduced  to  that  of  the 
river  channel,  these  curves  will  either  correspond  to  the  lines  of  gauge 
relations  below  the  overflow  stage,  or  pass  beyond  them,  for  it  must  be 
bonie  in  mind  that  the  lines  below  the  overflow  stage  express  mean 
conditions,  while  those  above  that  stage  express  maximum. 

It  is  difficult  to  predict  what  the  jjeople  of  a  district  are  going  to  do, 
but  as  most  of  the  land  under  cultivation  in  the  St.  Francis  Basin  is 
close  to  the  river  bank,  the  temptation  of  the  levee  boards  will  be  great 
to  rei^eat  the  methods  of  the  lower  districts,  and  place  their  levees  as 
close  to  the  river  banks  as  j)ossible,  restricting  the  reservoir*  capacity 
of  the  river  practically  to  that  of  its  channel.  Under  such  conditions 
the  line  of  gauge  relations  below  the  overflow  stage  may  be  expected  to 
be  extended  to  the  extreme  height  attained  by  the  flood  at  Cairo. 

The  changes  which  have  taken  place  in  the  relations  existing  be- 
tween gauges  at  stages  varying  from  35  to  40  ft.  confirm  both  the  de- 
ductions which  have  been  presented  as  to  changes  in  gauge  relations 
below  the  overflow  stage,  and  also  during  floods.  In  discussing  the 
gauge  relations  which  exist  below  the  overflow  stage  these  gauge 
heights  Avere  omitted,  as  they  are  aftected  not  only  by  changes  in  the 
channel  but  by  the  escai^e  of  water  through  sloughs  or  bayous  below 
the  overflow  stage,  a  rather  indefinite  expression  when  applied  to  the 
Mississijipi  River.  They  have  V)eeu  added  to  the  diagram  of  gauge  re- 
lations (Fig.  4),  however,  the  mean  value  prior  to  1882  being  repre- 
sented by  a  dot,  since  1882  by  a  dot  inclosed  in  a  circle.  Wherever 
the  gauge  relations,  both  above  and  below  the  overflow  stage,  show  a 
rise  in  plane  since  1882,  as  at  the  mouth  of  the  White  River,  a  marked 
rise  in  the  mean  gauge  relations  between  35  and  40  ft.  obtains.  If, 
however,  there  is  a  lowering  of  the  plane  below  bank-full  stage,  ac- 
companied by  a  rise  in  plane  above,  as  at  Helena  and  Vicksbiirg,  very 
little  change  occurs  in  these  intermediate  gauges.  At  Lake  Providence 
a  lower  mean-gauge  relation  is  found  since  1882,  but  markedly  less 
than  occurs  between  30  and  35  ft.  on  the  gauge.  At  the  mouth  of  the 
Red  River  where  little  change  in  gauge  relations  occurs  below  the  over- 
flow stage,  the  rise  in  plane  of  these  gauge  relations  is  especially 
marked.  At  Natchez  the  same  law  is  observable,  but  less  pi'ououuced 
than  in  any  of  the  other  cases. 

The  author  has  discussed  the  influence  of  the  reservoir  capacity  of 
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"the  river  channel  on  discharge.  Combined  with  slope  it  also  produces  Mr. Townsend 
marked  influence  on  gauge  heights,  variations  of  3  ft.  from  the  mean 
gauge  relations  being  not  infrequent,  and  the  gauges  indicate  the  con- 
ditions favorable  to  a  lowering  of  gauge  readings  from  these  causes. 
These  are,  a  rajud  rise  at  a  period  when  the  lower  river  is  at  a  low 
stage,  followed  by  a  rapid  fall;  but  if  the  conditions  are  rever.sed,  if 
the  lower  tributaries  happen  to  be  high  when  a  gradual  rise  appears  at 
Cairo,  the  influence  of  the  reservoir  caj^aeity  of  the  river  is  slight. 

It  has  been  argued  that  because  the  maximum  discharge  in  the 
river  channel  at  Lake  Providence  in  189.3  exceeded  that  at  the  same  lo. 
cality  in  1882  by  50^;",  with  an  increase  of  flood  height  of  Sk  ft.,  that 
100%',  or  the  entire  flood  discharge  of  the  Mississippi  Eiver  in  1882, 
could  be  carried  by  Lake  Providence  with  a  further  increase  of  3^  ft. 
Under  favorable  conditions  such  might  possibly  be  the  case,  but  the 
levee  engineer  is  not  seeking  favorable  conditions;  it  is  the  unfavorable 
that  worry  him.  After  a  night  spent  in  watching  his  levee  line  while 
a  wind  is  driving  waves  over  the  tops  of  his  levees,  he  views  with  con- 
siderable relief  a  bright,  calm  morning.  He  desires  to  know,  nut  the 
least  height  at  which  a  given  discharge  will  pass,  but  the  maximum 
height  which  is  to  be  apprehended  under  the  most  unfavorable 
conditions  that  are  liable  to  occur. 

From  the  preceding  discussion  of  gauge  relations  the  writer  arrives 
at  practically  the  same  conclusions  that  the  author  obtains  by  discuss- 
ing discharge  observations;  that  existing  levees  are  far  too  weak  to 
resist  a  great  flood  in  a  river  restrained  from  Cairo  to  the  Gulf;  that 
with  the  reservoir  capacity  of  the  St.  Francis  Basin  undiminished 
floods  are  liable  to  occur  which  will  strain  existing  levees  to  their  ut- 
most capacity,  and  that  the  influence  of  enlargement  of  section  on  flood 
heights  will  be  local.  The  danger,  however,  to  the  inhabitants  of  the 
lower  basins  is  not  as  imminent  as  this  discussion  would  apjjear  to  in- 
dicate. It  is  a  safe  prediction  from  experience  with  other  basins  that 
the  next  great  flood  will  not  be  entirely  prevented  from  entering  the 
St.  Francis  Basin.  There  is  also  a  safety-valve  at  the  head  of  the  Ten- 
sas Basin  which  will  i)revent  abnormal  flood  heights  below.  Au  increase 
in  flood  heights  at  Arkansas  City  will  be  accomi)auied  by  a  discharge 
around  the  head  of  the  Tensas  levee  system.  Before  the  gauge  could 
record  56  ft.  the  area  of  the  waste  weir  would  equal  that  of  the  discharge 
section,  though  obstructed  by  forest  growth. 
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Mr.  Starling.  Weli.i.a.m  StakldsG,  M.  Am.  Soc.  C.  E. — Since  the  publication  of 
tlie  paper,  the  author  has  received  several  interesting  communications 
bearing  on  the  history  of  river  gauging  in  the  United  States.  The 
earliest  example  of  a  telegraphic  meter,  and  also  the  first  instance  of  a 
meter  of  the  anemometer  type,  was  the  device  of  D.  Farrand  Henry, 
M.  Am.  Soc.  C.  E. ,  then  United  States  Assistant  Engineer  in  the  ser- 
vice of  the  Lake  Survey.  In  1868,  Mr.  Kenry  constructed  a  current 
meter  out  of  an  old  Eol>inson's  anemometer,  aud  adapted  to  it  a  record- 
ing apparatus  consisting  of  a  break-circiiit  arrangement  and  a 
Morse  register.  He  also  used  a  meter  of  the  screw  or  propeller  type, 
with  an  electrical  connection,  and  thought  it  the  preferable  form. 
With  these  instruments  a  large  number  of  very  interesting  observa- 
tions were  made  on  the  St.  Clair  and  Niagara  Eivers.  Among  others, 
an  extensive  series  of  measurements  Avas  caiTied  out  to  determine  the 
distribution  of  velocities  in  vertical  planes,  with  the  primary  intention 
of  finding  out  a  coefficient  for  double  floats,  in  the  use  of  that  method. 
The  results  of  these  measurements  agreed  well  among  themselves,  but 
were  quite  different  from  those  obtained  by  floats,  and  the  curve  of 
vertical  velocities  did  not  correspond  to  the  parabola  of  Humphreys  and 
Abbot.  In  the  "  Reports  of  the  Chief  of  Engineers  "  for  1868  and  1869, 
and  again  in  the  report  for  1870,  Mr.  Henry  gave  an  account  of  these 
experiments  and  his  reasons  for  preferring  the  meter  to  double 
floats.  These  reasons  are  given  in  detail  in  the  pamphlet  published 
by  him  in  1873,*  which  contains  a  valuable  summary  of  the  engineer- 
ing knowledge  at  that  date  on  the  subject  of  the  distribution  of 
velocities  in  vertical  planes,  and  also  on  that  of  the  rating  of  meters. f 
These  observations  were  referred  by  the  chief  of  engineers,  General 
Hiim})hreys,  to  General  Abbot,  and  were  reviewed  by  the  latter  with 
much  asperity.]:  Mr.  Henry  replied  in  a  similar  tone  in  a  supplement 
to  his  i^amphlot,  wherein  he  maintained  his  jjosition  with  ability,  and 
gave  some  interesting  observations  on  the  theory  of  dou1>l«'  floats,  by 
which  it  would  apjjear  that  at  considerable  depths  they  must  always 
give  a  velocity  in  excess  of  the  true  rate. 

The  rating  of  these  early  instruments  was  performed  very  much  as 
at  the  present  day.     The  rating  line  found,  as  had  been  observed  by 

*  "  The  Flow  of  Waters  in  Hivers  and  Canals,"  by  D.  Farrand  Henry,  Chief  Engineer 
Detroit  Water- Worku,  Detroit,  1873. 

t  See  also  the  "  Eeport  of  the  Chief  of  Engineers  "  for  1870,  p.  551. 
t  "  Report  of  the  Chief  of  Englneem  "  for  1870,  p.  61C. 
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.Baiimgarten   and   Boileaii,   was    a   curve,  which,   at    hif^h    velocities,  Mr.  Starling, 
became  almost  a  straight  line. 

The  Ellis  meter  afterward  nsed  (in  1874)  was  constriicted  on  the 
same  principle  as  the  anemometer  meter  of  Mr.  Henry,  to  whom,  in- 
deed, General  Ellis  acknowledges  his  obligations.  It  was  used  in  con- 
junction with  a  meter  of  the  Woltmann  type.  Both  were  rated  by  the 
equation  of  a  straight  line.  Both  the  observations  of  Mr.  Henry  and 
of  General  Ellis*  are  well  worthy  of  the  attention  of  those  who  are 
interested  in  this  part  of  hydraulics. 

During  the  month  of  October,  in  1879,  a  notable  series  of  observa- 
tions was  made  on  the  upper  Mississippi,  near  Burlington,  la.,  under 
the  direction  of  Alexander  Mackenzie,  M.  Am.  Soc.  C.  E.,  by  G.  A. 
Marr,  M.  Am.  Soc.  C.  E.  This  work  appears  to  have  been  executed 
with  much  care  and  thoroughness.  Six  meters  were  used  at  once, 
placed  at  equal  distances  apart  on  a  wire  cable,  suspended  from  a  der- 
rick which  ijrojected  some  20  ft.  in  front  of  the  bow  of  an  anchored 
boat.  The  depth  of  water  varied  from  11  to  27.6  ft.  The  details  of 
the  processes  purstxed  will  be  found  in  Colonel  Mackenzie's  report, 
IJublished  several  years  afterward,  f 

An  interesting  fact,  established  both  by  Mr.  Henry's  and  Mr.  Marr's 
observations,  is  the  existence  of  very  decided  pulsations  of  the  ciir- 
rent,  alluded  to  in  the  paper.  J  Mr.  Henry  found  lesser  fluctuations  of 
half  a  minute  to  oue  minute  in  dtiration,  with  maxima  every  five  or  ten 
minutes.  They  did  not  seem  to  be  synchronous  with  the  oscillations 
of  the  surface  level,  w-hich  were  also  very  irregular.  "  Often,"  says 
Mr.  Henry,  "when  two  floats  were  put  out  from  the  upper  boat,  one 
minute  apart,  the  last  one  would  gain  upon  and  sometimes  pass  the  first. " 
It  was  foiind  that  the  pulsations  were  much  the  greatest  near  the  bot- 
tom, where  the  minimum  velocity  observed  was  sometimes  less  than  half 
the  maximum. 

The  observations  are  coiToborated  by  Mr.  Marr,  who  also  remarks 
that  the  changes  generally  occur  at  about  the  same  time  from  the  sur- 
face to  the  bottom.  In  confirmation  of  these  statements,  very  inter- 
esting plottings  are  given  by  Mr.  Marr.  The  pulsations  are  not 
capricious,  but  occur  with   consideralde  regularity,  and  with  approxi- 

•  "  Report  of  the  Chief  of  EDgineers  "  for  1878-79,  Vol.  I,  p.  312. 

t  Report  on  Current-Meter  Observations  in  tlie  MissicBippi  River,  near  Burlington,  Iowa, 
by  Major  Alexander  Mackenzie.     WaBbington,  1884. 
t  Trantaclions,  Vol.  xxxiv,  p.  385. 
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Mr,  Starling,  mate  periodicity.  The  periods  of  the  major  and  minor  fluctuations 
correspond  closely  with  those  found  by  Mr.  Henry.  So  also  does  the 
amount  of  the  oscillation,  which,  according  to  Mr.  Marr,  is  sometimes 
nearly  half  the  greatest  velocity,  in  less  than  one  minute  of  time. 

The  value  found  by  Mr.  Marr  for  the  relation  between  mean  and 
mid-depth  velocity  is  exactly  the  same  as  that  reported  in  1882  at  the 
stations  on  the  lower  Mississippi,  viz.,  0.958.  General  Ellis  found  it 
0.940.  The  ratio  of  the  depth  of  the  fillet  of  mean  velocity  in  vertical 
planes  to  total  depth  is  0.622,  against  0.63  in  the  lower  river.  Mr. 
Henry  had  found  it  to  be  about  0.6.  General  Ellis  had  given  it  as 
0.636.  Mr.  Price  has  remarked  that  the  observations  of  1882  cannot  be 
implicitly  relied  on  at  some  of  the  stations.  This  is  doubtless  correct, 
yet  the  mean  results  may  probably  be  accepted  as  fair  approximations. 

Professor  Spalding  takes  a  somewhat  sanguine  view  of  the  situation 
on  the  lower  Mississipjii,  with  which  service  he  was  once  connected, 
and  thinks  that  the  estimates  given  in  the  paper  of  flood  heights  event- 
ually to  be  attained  may  be  excessive.  This  is  the  earnest  hope  of  all 
who  are  engaged  in  the  levee  service,  and  there  is  some  ground  for  it. 
Observation  so  far  as  it  goes,  is  indecisive,  having  been  continued  for 
so  short  a  time.     A  few  Avords  will  l)e  said  on  this  point  hereafter. 

Professor  Spalding  thinks  that  a  straight  line  may  be  made  to  fit 
the  ratings  of  meters  within  the  ordinary  errors  of  observation.  Per- 
haps it  could,  yet  it  would  be  but  a  misfit  after  all.  Because  there  ai-e 
errors  which  are  unavoidable  in  observation,  it  does  not  follow  that 
additional  mistakes  should  be  voluntarily  incurred  by  faulty  methods 
of  iuterjiretation.  It  is  shown  by  Mr.  Price  in  his  discussion  of  the 
paper  that  the  equation  of  the  rating  curve  varies  with  the  form  of  the 
wheel.  Mr.  Henry  found  the  curve  to  be  an  elli^jse  whose  axes  were 
8.28  and  3.44,  respectively.     Mr.  Marr  found  it  to  be  a  straight  line. 

Mr.  Crowell's  remarks  about  the  diniiuutiou  of  velocity  in  the  stream 
by  the  transi)ortatiou  of  sand  and  gravel  are  doubtless  correct,  though 
it  is  not  easy  to  estimate  this  influence  quantitatively.  It  is  thought, 
however,  that  this  should  not  be  confounded  with  viscosity.  There  is 
no  such  thing  as  "thick  mud  "  in  the  flowing  water  of  the  Mississippi, 
the  quantity  of  matter  in  suspension  being  probably  never  sutHcient 
to  im])air  the  fluidity  of  the  water  to  an  appreciable  extent.  The 
highest  recorded  ratio,  by  weight,  of  sedinieut  to  water  is  1  to  195,  or 
Homethiug  more  than  half  an  ounce  to  the   gaUon.     This  is  a  stditary 


CORRESPOXDEXCE    OX    DISCHARGE   OF   TIIK    MISSISSIPPI       361 

case.     The  next  highest  is  1  to  549,  or  about  a  fifth  of  an  ounce  to  the  Mr.  starling. 
gallon.     In  the  Missouri,   the  remarkable  i^roportioU  of  1  to  37  has 
been  observed,  or  nearly  4  ounces  to  the  gallon. 

Mr.  Dabney  calls  attention  to  the  omission  l)y  the  author  of  the 
effect  of  bank  erosion  on  the  load  of  sediment  carried  by  the  stream, 
and  its  influence  on  bar-building.  The  i)oint  is  very  well  taken.  There 
seems  to  be  no  question  that  the  material  which  goes  to  form  trouble- 
some shoals  is  very  largely  deiived  from  the  caving  reaches  iu  the  l)ends 
or  jjools  above,  and  this  eflfeet  should  be  added,  iu  many  situations,  to 
that  of  the  regular  scour  which  takes  place  during  every  flood  in  the 
deep  places.  In  other  instances,  the  erosion  of  the  bank  seems  to  be 
merely  the  consequence  of  what  is  taking  i)lace  on  the  bottom.  It  is 
the  latter  which  scours,  and  the  bank  falls  in,  being  undermined,  to 
replace  the  material  which  has  been  removed  from  near  its  base.  On 
the  other  hand,  at  low  Avater,  it  is  the  shoal  which  cuts  out,  and  this 
cutting  out  is  ofteii  confined  to  a  narrow  section  near  the  bank*,  in- 
ducing a  low-water  cave.  In  the  case  of  the  discharge  sections  quoted 
in  the  paper,  there  were  no  caving  banks  of  any  consequence  iu  the 
vicinity,  the  sections  being  chosen  partly  on  account  of  their  freedom 
from  this  disturbing  influence. 

Mr.  Harrod's  remai'ks  on  the  eflfeet  of  the  confinement  of  the  flood 
waters  by  levees  upon  the  low-water  line  are  iu  strict  consonance  with 
the  evidence.  The  progressive  deci'ease  which  has  been  observed  since 
1890  of  the  gauge  readings  below  Cairo  still  continues,  the  low  water 
of  1895  having  been  about  1  ft.  below  that  of  1894,  which  Avas  itself  the 
lowest  on  record  up  to  that  time,  from  Memphis  to  Yicksburg.  By 
those  dependent  on  levees,  the  steady  decrease  of  low-water  heights  is 
very  naturally  attributed  to  the  confinement  of  the  flood  disdiarge 
with  which  it  was  coincident  in  time;  and  this  the  more  that  such  a  re- 
sult had  been  anticipated  by  them  as  a  consequence  of  the  comi)letion 
of  the  levee  system.  In  this  view  the  author  is  inclined  to  concur;  yet, 
as  Mr.  Harrod  says,  the  period  of  observation  is  too  short  to  allow  of  a 
positive  conclusion,  and  there  nrv  other  agencies  which  might  have  had 
a  potent  efl'ect  in  i)roduciug  the  phenomenon  in  question.  One  of 
these  is  the  very  prolonged  jx^-iod  during  which  low  water  has  pre- 
vailed for  the  last  three  or  four  years.  The  average  length  of  the 
period  of  low  water,  during  which  the  river  has  been  below  the  stage 

•  Tramaclions,  Vol.  xxxiv,  p.  472. 
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Mr.  Starling,  of  12  ft.  on  the  Helena  gauge,  is  97  days.  Tlie  greatest  jjeriods  have 
been,  in  1872,  165  days;  in  1874,  135;  in  1886,  131;  in  1887,  170;  in  1892, 
110;  in  1893,  175;  in  1894,  177;  in  1895,  265  days.  The  natural  tendency 
of  the  low-water  stage  is  to  cut  out  the  bars,  and  this  process  would 
reduce  the  low-water  line  as  etFectixally  as  a  general  enlargement  of 
the  cross-section. 

Though  the  low-water  mark  be  reduced  in  height  between  tribu- 
taries, whether  by  cutting  out  the  bars  or  by  enlargement  of  the 
section,  yet  it  does  not  necessarily  follow  that  the  high-water  line 
must  be  lowered.  If  there  be  an  increase  of  section  in  the  direction 
of  width,  and  at  the  same  time  a  decrease  of  mean  depth,  which  is 
perfectly  compatible  with  an  increase  of  maximum  datum  dejith,  the 
flood-line  may  not  be  reduced  in  height  at  all.  Mr.  Harrod  has 
shown*  that  the  net  result  of  continued  ca^dng  is  an  increased  width 
of  river;  and  Captain  Townsend's  surveys  of  the  Lake  Providence 
Reach  in  18911  seem  to  jjoiut  in  the  same  direction. 

While  all  levee  engineers,  therefore,  hope  for  a  reduction  of  flood- 
heights  as  a  consequence  of  the  confinement  of  the  waters  of  the  river 
to  its  channel,  and  while  they  think  they  have  good  grounds  for  such 
a  hope,  they  do  not  like  to  be  too  sanguine  of  such  a  result,  and  they 
are  certainly  not  justified  in  relaxing  their  eflforts  on  the  faith  of  such 
a  prospect. 

Mr.  Price  thinks  that  the  cleaning  of  a  meter  or  the  oiling  of  a 
bearing  has  but  little  eflfect  on  the  rating.  The  opinions  expressed  iu 
the  pajjer  were  derived  from  the  experience  of  observers.  At  Point 
Pleasant,  in  1885,  on  February  3d,  the  meter,  when  turned  by  hand, 
took  78  seconds  to  come  to  rest.  On  the  5th  of  February  it  required 
170.  The  exjdanation  given  is  that  the  cup  containing  the  electrical 
connection  had  been  tilled  with  oil  in  the  meantime.  On  March  27th 
a  new  contact  apparatus  was  put  on,  changing  the  time  required  to 
come  to  rest  from  185  to  265  seconds.  In  1891,  at  Wilson's  Point,  it 
was  found  that  the  rates  of  the  same  meter  were  very  different.  In 
seeking  to  explain  these  differences,  Mr.  T.  C.  J.  Baily  writes :J 

"The  larger  values  of  the  coefficients  a  and  h  for  Meter  No.  5 
found  at  Huntiugton  from  those  found  at  Wilson's  Point  I  think  are 


*  Paper  on  the  protection  of  banliR,  in  the  "  Keport  of  MiBsiHsippi  River  Coniniission  " 
for  188S,  p.  2885. 

t  "  R»'port  of  the  MlsniBflppi  River  Coinmicsion  "  for  1893,  pp.  378C-3806. 
I  "  Report  of  the  Mi«Hi8Hippl  River  Commission  "  for  1892,  p.  3124. 
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due  to  the  fact  that  at  the  former  place  only  the  lower  bearings  were  Mr.  Starling, 
oiled,  for  fear  of  injuring  the  electrical  connection,  while  at  the  latter 
place  both  bearings  were  oiled.  *  *  *  I  have  found  that  the  stiff- 
ness of  the  oil  used  has  a  marked  efifect  upon  these  coeflScients.  *  *  * 
A  very  marked  difference  appears  in  the  rate  of  Meter  No.  5  after  it 
was  rei)orted  as  being  thoroughly  cleaned." 

Indeed,  it  might  be  inferred  from  Mr.  Price's  own  remarks  that 
friction  plays  an  important  joart  in  determining,  not  indeed  the  form 
of  the  curve,  but  its  position  with  reference  to  the  origin  of  co-ordi- 
nates, or  the  constant  b.  However,  this  is  a  subject  on  which  Mr. 
Price  ought  to  be  classical  authority. 

Mr.  Miller's  remarks  on  the  advisability  of  selecting  wide  rather 
than  narrow  places  as  discharge  sections  are  worthy  of  attention, 
especially  as  proceeding  from  an  observer  of  long  experience.  What 
he  says  about  the  change  of  location  of  the  sections  at  Arkansas 
City  and  at  Wilson's  Point  in  1893  may  partially  explain  some  of  the 
discrejaancies  which  had  been  observed  at  those  points  in  previous 
years. 

Mr.  Cojjpee's  instance  of  a  remarkable  pulsation  of  the  flow  of  the 
river  corresponds  to  the  experience  of  all  engineers  who  have  had  oc- 
casion to  observe  the  behavior  of  the  Mississippi  or  other  large 
streams  in  this  respect.  Any  one  who  undertakes  to  get  the  read- 
ing of  a  gauge,  even  on  a  still  day,  will  find  that  the  water  level  is  in 
a  state  of  continual  fluctuation,  and  it  is  well  nigh  impossible  to 
define  it  with  precision.  These  fluctuations  do  not  necessarily  cor- 
respond in  time,  as  Mr.  Henry  has  remarked,  with  the  pulsations  of 
velocity. 

Professor  Johnson  thinks  the  study  ought  to  have  been  carried  a 
little  farther,  and  desires  estimates  of  the  heights  to  be  attained  in 
other  portions  of  the  river.  In  most  investigations  made  by  practis- 
ing engineers,  it  is  not  the  mere  abstract  love  of  scientific  truth  that  is 
the  impelling  motive,  but  some  immediate  need.  In  the  jDresent  in- 
stance, the  object  sought  was  to  fix  the  ultimate  grade  of  levees  in  the 
author's  district,  of  which  Arkansas  City  and  Wilson's  Point  are  prin- 
cipal stations.  The  investigation  was  not  extended  further,  principally 
from  the  lack  of  personal  familiarity  with  the  local  conditions  existing 
elsewhere,  and  from  the  great  additional  expenditure  of  labor  and  time 
which  it  would  have  involved.  It  was  thought  that  if  the  methods 
pursued  in  the  paper  stood  the  ordeal  of  criticism  and  appeared  to  be 


364     CORRESPOXDEXCE   OX    DISCHARGE    OF   THE    MISSISSIPPI. 

Mr.  Starling,  sound,  the  scope  of  the  iuvestigatiou  eoiikl  afterward  be  extended  so 
as  to  embrace  other  parts  of  the  river. 

At  Ked  River  the  situation  seems  to  be  very  complicated.  That 
stream  has  acted,  at  different  times,  both  as  an  inlet  and  as  an  outlet. 
It  was  formerly  the  principal  channel  through  which  overflow  waters 
from  the  Tensas  Basin  were  returned  to  the  Mississippi.  Testimony 
as  to  the  facts  is  not  harmonious.  The  majority  of  the  Mississippi 
Eiver  Commission  think  that  with  the  exclusion  of  the  return  flow  from 
the  Tensas  Basin  consequent  on  the  complete  closure  of  that  front  by 
levees,  Red  River  would  act  as  an  otitlet,  and  that  the  shutting-oflf  of 
it  would  cause  a  considerable  increase  in  the  discharge  to  be  carried 
by  the  Mississippi  below  its  confluence. 

On  the  other  side,  Colonel  Suter,  who  has  been  studying  the 
Atchafalaya  problem  for  twelve  years  or  so,  maintains  that  the  flow  from 
Red  River  into  the  Mississipjii  is  "  the  great  factor  in  disastrous  floods 
in  lower  Louisiana,  whether  the  water  producing  this  inflow  be 
crevasse  water  from  the  Mississii^pi  or  the  drainage  from  the  Red 
River  Basin."  "  The  Atchafalaya,"  he  continues,  "  never  has  acted  as 
an  outlet  in  great  floods,  and  I  do  not  believe  that  it  would  do  so, 
even  if  the  crevasse  water  wei-e  excluded,  as  the  Red  River  is  invariably 
in  flood  at  such  times." 

One  would  not  care  to  give  an  opinion  on  such  a  vexed  and  im- 
jjortant  subject  w^ithout  careful  study  and  a  personal  familiarity  with 
the  facts  and  the  localities,  which  is  not  possessed  by  the  author. 

Mr.  Hider's  detailed  account  of  the  methods  taken  to  insure  ac- 
curacy in  the  practical  work  of  measuring  the  discharge  is  very 
instructive,  and  shows  conclusively  that  it  was  not  the  faitlt  either  of 
the  instruments  or  of  the  men  that  discrej^aucies  occurred  between 
the  discharges  reported  at  two  adjaceut  stations.  The  candor  with 
which  these  discrepancies  were  reported  and  i)ublished,  without  any 
attempt  to  cook  them,  is  an  excellent  evidence  of  the  true  professional 
spirit  which  actuated  the  engineers  engaged.  The  method  of  integra- 
tion in  a  horizontal  plane,  proposed  and  executed  by  Mr.  Hider,  is  one 
that  seems  to  have  the  elements  of  great  promise  in  it.  The  greatest 
drawV)ack  to  it  is  the  necessity  of  an  assumption  of  a  regular  dis- 
tribution of  velocities  in  vertical  planes.  Some  such  assumption  is 
necessary,  however,  in  most  of  the  methods  which  have  been  yet 
emi)loyed. 
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Captain  Townsend's  discussion  brings  into  the  field  tlie  interesting  Mr.  Starling, 
but  not  at  all  simple  question  of  the  enlargement  of  section  of  a  more 
or  less  permanent  nature  and  of  a  general  kind,  and  the  resulting 
intiuence  on  gauge  heights  at  low  water  and  in  flood.  The  paper  has 
l)arely  touched  this  subject,  partly  because  the  evidence,  so  far  as  it  is 
IJublished,  is  scanty;  and  partly  because  the  testimony  of  the  gauges 
does  not  show  any  material  alteration  in  the  position  of  the  flood  line 
at  the  points  where  the  enlargement  is  known  to  have  occurred.  The 
evidence  adduced  by  Captain  Townsend  of  the  changes  brought  about 
in  the  gauge  relations  at  low  and  medium  stages  appears  incontro- 
vertible. These  changes,  however,  seem  to  be  confined  mostly  to 
such  stages.  At  Helena,  for  instance,  Captain  Townsend  shows  *  that 
at  low  water  the  gauge  at  Helena,  as  compared  with  Cairo,  is  2  ft, 
lower  since  1882  than  before  that  time.  So,  also,  the  crest  of  a  rise 
reading  30  ft.  on  the  Cairo  gauge  passes  Helena  at  least  2  ft.  lower 
after  1882  than  before.  Captain  Townsend's  tabulations  extend  no 
higher  than  about  35  ft.  The  author  has  carried  them  up  to  40,  at 
which  stage  overflow  barely  begins.  At  stages  between  35  and  40  ft., 
it  is  found  that  the  Helena  gauge,  prior  to  1882,  stood  at  an 
average  of  0.84  ft.  above  the  Cairo  gauge,  since  1882  at  an  average 
of  1.06  ft.  above,  shoAving  that  under  these  circumstances  the  crest 
of  the  wave  now  passes  Helena  at  a  slightly  higher  stage  than 
formerly. 

It  does  not  seem  very  profitable  to  compare  Lake  Providence  with 
Cairo,  for  the  two  great  southern  tributaries,  the  White  and  Arkansas 
Rivers,  intervene,  and  pour  out  floods  which  are  sometimes  of  enor- 
mous volume,  and  are  so  variable  and  capricious,  and  influence  gauge 
heights  below  them  to  such  an  extent  (sometimes  .several  feet)  as  to 
obscure  altogether  the  ordinary  relations.  It  would  be  very  proper, 
however,  to  comjiare  Lake  Providence  with  Arkansas  City,  which  is 
below  the  mouths  of  the  tributaries.  Gauges  have  been  kept  at 
Arkansas  City  only  since  1880.  Since  that  time  the  relations  between 
this  point  and  Lake  Providence  have  been  as  shown  in  the  table  on 
page  366. 

The  figures  represent  the  diflferences  between  the  gauge  readings  at 
the  crests  of  rises  at  Arkansas  City  and  Lake  Providence,  Arkansas 
City  Vjeing  the  higher. 

*  "  Keport  of  the  Miasiaeippi  River  CommisMon  "  for  1894,  p.  2972,  Table  No.  2. 
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Mr.  Starling.  Relation    Between    GArciE  Heights  at    Arkansas    City    and    Lake 

Providence. 


The  principal  change  which  has  occurred  m  the  regimen  of  this 
part  of  the  river  since  the  beginning  of  the  period  embraced  in  the 
table  is  the  rebuilding  of  the  Arkansas  levees  in  1887.  The  effect  of 
this  work  is  seen  plainly  in  the  last  column  of  the  table,  which  shows 
the  differences  between  the  gauges  at  very  high  stages.  This  difference 
has  been  considerably  reduced  since  1887,  from  the  confinement  in  the 
channel  of  large  volumes  of  water  which  formerly  escaped  over  the 
bank  between  Ai-kansas  City  and  Lake  Providence.  It  should  be 
observed  that  the  figures  given  in  the  last  column,  for  the  years  since 
1887,  do  not  rej^resent  the  actual  difference  between  the  heights  of  the 
crests  of  the  rises  at  such  times  as  there  were  breaks  in  the  levees  be- 
tween Arkansas  City  and  Lake  Providence.  Such  a  comparison  would 
be  of  little  profit  or  interest.  The  differences  given  are  those  existing 
at  the  time  the  first  crevasse  occurred,  in  each  year,  with  a  suitable 
time  correction  to  allow  for  the  passage  of  the  crest  from  the  one 
station  to  the  other.  For  instance,  in  1892,  the  first  crevasse  took 
place  on  May  9th,  between  Arkansas  City  and  Lake  Providence.  On 
that  day,  the  reading  at  Arkansas  City  was  48.8,  and  the  river  was 
nearly  stationary.  At  Lake  Providence  the  gauge  was  41.0,  and  rising 
at  the  rate  of  about  0.1  ft.  a  day.  It  takes  about  a  day  and  a  half 
for  the  crest  to  pass  from  the  ujjper  to  the  lover  station.  There- 
fore the  reading  at  Lake  Providence  corresponding  to  48.8  at  Ar- 
kansas City  would  have  V)een  about  41.75.  8o  in  1893,  the  first  V)reak 
occurred  on  May  11th,  between  Ai-kansas  City  and  Lake  Providence, 
the  gauge  at  the  former  station  reading  49.0  and  at  the  latter  41.4. 
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The  river  was  rising  at  the  rate  of  about  0.3  ft.  per  dav.  It  is  there-  Mr.  Starliiij 
fore  inferred  that  about  0.4.5  shouki  be  added  to  the  reading  at  Lake 
Providence  to  get  the  difference  which  woukl  have  prevailed  for  a 
crest  of  the  given  height.  This  woukl  give  41.8-5,  or  a  difference  below 
Arkansas  City  of  7.15.  Bv  another  process  it  was  estimated  that  the 
stage  at  Lake  Providence,  at  the  height  of  the  rise  in  1893,  would 
Lave  reached  about  42.8,  if  there  had  been  no  crevasses  below  Arkan- 
sas City.     This  would  give  a  difference  of  about  7.4. 

It  is  thought  that  these  facts  substantiate  the  position  taken  in  the 
paper  that  "the  relation  between  the  gauges  at  Arkansas  City  and 
Lake  Providence  seems  to  have  undergone  no  considerable  alteration 
since  1885." 

The  table  of  maximum  discharges  at  Lake  Providence  given  by 
Captain  Townsend  for  the  difterent  flood  years  in  which  they  were 
measured,  with  the  statement  that  an  increase  of  discharge  of  440  000 
cu.  ft.  per  second  has  been  accompanied  by  a  rise  in  gauge  height  of 
only  3.5  ft.  requires  some  comment.  It  is  well  understood  that  Cap- 
tain Townsend  is  not  responsible  for  these  figures  nor  for  the  inference 
that  3.5  ft.  more  would  carry  the  whole  discharge  of  1882.  It  would 
be  very  pleasant  to  entertain  this  belief  if  there  appeared  to  be  solid 
grounds  for  it.  It  is  feared,  however,  that  it  will  not  stand  examination. 
The  discharge  of  1  057  000  cu.  ft.  at  Lake  Providence  in  1882  was 
carried,  not  at  the  maximum  stage  of  38.32,  but  at  34.85,  nearly  three 
months  later.  There  was  carried  indeed  a  discharge  reported  as 
936  954  cu.  ft.  at  the  highest  stage,  but  this  was  just  at  the  time  of 
the  great  return  flow  at  Vicksburg,*  whereby  the  slope  Lake  Provi- 
dence-Vicksburg  was  reduced  from  the  ordinary  high-water  slope  of 
0.30  ft.  to  the  mile  to  0.23  ft.,  thereby  raising  the  gauge  at  Lake  Prov- 
idence by  the  effect  of  back-water;  and  moreover  the  discharge  recorded 
does  not  include  the  flow  over  the  banks  outside  of  the  discharge  sec- 
tion, which  was  considerable,  as  the  station  was  a  mile  or  more  out- 
side the  levee.  In  June,  when  the  maximum  discharge  of  1  057  990 
CTi.  ft.  is  recorded,  the  slope  was  exactly  the  normal  for  that  stage, 
namely,  0.301  ft.  to  the  mile,  and  there  was  no  discharge  worth  men- 
tioning over  the  banks.  Hence  the  stage,  34.85,  might  properly  be 
taken  as  corresponding  to  that  discharge.  The  velocities  were  taken 
with   meters.     So  in  estimating  the  greatest   discharge  ever  passed 

*  See  Trantactiont,  Vol.  xxxiv,  pp.  478  aud  479. 
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Mr.  Starling,  within  banks,  that  of  1893,  it  would  not  be  proi^er  to  take  the  height 
actually  attained,  41.8,  reduced  as  it  was  by  four  considerable  cre- 
vasses, all  within  the  distance  of  45  miles  above  Lake  Providence,  and 
apply  to  it  the  discharge  obtained  by  adding  to  the  observed  discharge 
the  flow  through  those  crevasses.  It  would  be  more  reasonable  to 
take  the  stage  and  the  discharge  observed  just  before  the  first  crevasse. 
These  were  41.4  and  1  400  398.  There  would  thus  be  an  increase  of 
discharge  of  342  408  cu.  ft.  for  6.55  ft.  of  rise  of  the  river.  This  re- 
sult would  be  far  nearer  to  the  truth,  yet  even  this  would  not  be  accu- 
rate, for  the  gauge  relations  between  Lake  Providence  and  Greenville, 
t)4  miles  above,  in  1882,  show  that  there  was  a  disturbance  at  the  former 
place,  due  to  loss  of  water  over  banks  and  through  crevasses  either 
between  Greenville  and  Lake  Providence  or  below  Lake  Providence 
or  both.  It  is  useless  to  attempt  to  estimate  these  _  perturbations 
because  there  are  no  data  sufficient  for  the  purpose.  Indeed  it  is 
time  lost  to  reason  from  such  premises  at  all. 

Captain  Townsend's  inference,  from  accessible  data,  that  general 
enlargement  of  the  section  at  Arkansas  City  occurs  during  great  flood 
years,  and  that  contraction  of  the  section  attends  years  of  low  water, 
and  especially  a  succession  of  such  seasons,  appears  consonant  to  prob- 
ability. It  is  not  imjjossible  that  these  changes  are  general  through- 
out the  river.  There  are  some  indications  that  such  may  be  the  case. 
If  this  be  borne  out  by  accurate  and  long-continued  observation,  it 
will  lead  to  very  interesting  conclusions.  If  there  is  a  general  fill 
throughout  the  river  during  a  succession  of  low-water  years,  it  must 
proceed  from  the  contributions  of  solid  matter  brought  down  by  the 
tributaries,  and  it  would  appear  plain  that  the  main  river,  at  such 
times,  had  not  sufficient  transporting  power  to  carry  to  the  sea  these 
accessions  of  sediment;  while  in  years  of  flood  it  had  a  superfluity  of 
power,  enough  to  remove  the  accumulations  of  previous  years  and  per- 
haps to  make  new  inroads  on  the  banks  and  bottom.  This  would  con- 
form to  the  general  idea  that  sedimentary  streams  enlarge  their  beds 
if  they  have  to  carry  increased  volumes;  and  that,  on  the  other  hand, 
as  Captain  Leach  expresses  it,  that  they  will  not  tolerate  beds  which 
are  too  large  for  them.  It  would  be  very  instructive  to  examine  into 
the  connection,  if  any,  which  these  jihenomeua  have  with  the  stages 
of  the  Ohio.  Great  floods  have  usually  proceeded,  for  the  most  ])art, 
from  this  stream,  which  is,  comparatively,  a  clear-water  river.     Again, 
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even  during  low-water  years,  there  have  usually  been  large  accessions,  Mr.  Starling, 
both  of  water  and  of  sediment,  from  the  Missouri  and  other  muddy 
streams. 

The  diminished  section  at  Arkansas  City  in  1879  and  in  1889,  to 
which  Captain  Townsend  refers,  might  be  accounted  for  by  the  ordinary 
fill  in  pools  in  low  water;  but  this  would  not  explain  the  high  stage  at 
which  the  discharge  passed  in  1889,  or  change  of  plane,  which  would 
indicate  a  till  on  the  bar  as  well  as  in  the  pool. 

The  enlargement  of  section  at  Wilson's  Point  seems  to  be  well 
established.  The  following  are  the  extreme  measurements  of  the 
datum  area  from  the  earliest  observations : 

1884 172  129  to  195  504 

1885 180  333  to  198  438 

1887 191 139 

1888 174  672  to  188  075 

1889 164  648 

1890 157  707  to  194  422 

1891 191  391  to  222  272 

1892 203  029  to  233  659 

1893 197  988  to  229  292 

It  would  thus  appear  that  the  datum  area  at  this  point  has  increased 
since  1884  some  25  000  to  35  000  sq.  ft. ,  and  that  most  or  all  of  this  has 
occurred  since  1890;  and  by  far  the  greater  part  during  the  interval 
between  the  floods  of  1890  and  1891.  Notwithstanding  this,  the  high- 
water  gauge  relations  between  Lake  Providence,  11.1  miles  below  Wil- 
son's Point  and  Ai-kausas  City,  where  the  section  is  nearly  the  same 
as  in  1884,  are  almost  or  quite  unaltered.  In  other  words,  the  high- 
water  discharge  passes  at  about  the  same  height  as  it  would  have  done 
had  there  been  no  enlargement  of  section;  and  the  increase  of  area  is 
accompanied  by  a  diminution  of  velocity.  This  is  incompatible  with 
a  general  enlargement  of  section  below  Arkansas  City,  unless  it  be 
entirely  in  the  direction  of  width,  and  be  attended  by  a  decrease  of 
mean  depth,  which  indeed  seems  probable. 

As  Captain  To\\Ti8end  says,  the  levee  engineer  cannot  afford  to  de- 
pend upon  favorable  conditions;  it  is  the  unfavorable  that  trouble  him, 
and  it  is  against  these  that  he  is  bound  to  provide. 
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Mr.  Starling.  The  views  expressed  relative  to  the  changes  to  be  produced  by  the 
leveeing  of  the  St.  Francis  Basin  seem  to  be  sound.  As  this  will  soon 
be  an  accompHshed  fact,  there  wUl  be  an  opportunity  to  bring  the 
reasoning  to  the  test  of  fact. 
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WITH  DISCUSSION. 

When  a  pillar  is  compressed  endwise  by  a  force  gradually  in- 
creased to  the  breaking  point,  it  is  reasonable  to  assume  that  at  the 
intrados  of  the  pillar  at  the  point  of  greatest  deflection  a  strain  has 
been  set  up  which  is  as  great  as  the  stress  causing  rupture  in  a  speci- 
men of  the  material,  the  height  or  vertical  length  of  which  specimen 
does  not  materially  exceed  its  smallest  diameter.  Without  entering 
upon  the  question  of  the  magnitude  of  this  excess,  which  has  been 
variously  estimated,  it  may  be  safely  placed  at  that  point  where  the 
strain  generated  by  the  element  of  bending  becomes  inappreciable,  and 
it  is  i)robable  that  endwise  compression  is  always  accompanied  with 
bending  strains.  The  questions  examined,  however,  in  this  paper  are 
mainly,  what  is  the  maximum  strain  in  pillars  compressed  endwise  in 
the  center  of  resistance  by  weights  less  than  the  breaking  weights, 
or  by  weights  not  applied  in  the  center  of  resistance. 
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Exi)eriment  shows  that  where  a  given  jjillar  is  deflected  under  in- 
creasing loads,  the  deflections  increase  at  a  greater  ratio  than  the 
loads  causing  them,  and  the  reverse  is  also  true.  The  less  the  com- 
pressing force,  the  greater  the  ratio  of  reduction  in  the  deflection. 

The  maximum  strain  at  the  middle  of  the  intrados  of  a  pillar  bent 
to  the  breaking  point  may  be  assumed  to  be  C,  the  ultimate  resist- 
ance of  the  material  to  crushing.  Let  W  be  the  breaking  load  of  a 
solid  1-in.  square  pillar;  the  moment  of  resistance  to  bending  is  as 
follows  : 

If  the  vertical  strain  of  the  breaking  load  is  deducted  from  the 
maximum  strain  C,  the  quantity  C —  TF  remains  to  resist  the  bending 

moment  8  W,  where  5  is  the  breaking  deflection  and  —7-  [C —  W)  = 
6  W,  and  as  (/  =  1  the  total  strain  C  =  TF  (1  -f  6  (5). 

Now,  let  5  be  a  strain  iS'<  Cand  Wy  <  TFand  8^  <  8,  then  S=  TF,  x 
(1  -f  6  <5i).  Compare  these  two  equations,  and  it  appears  that  the 
relation  of  5  to  C  can  be  as  the  respective  weights  IT',  to  W  only  on 
the  assumption  that  1  +  6  d,  =  1  4  e^^,  or  that  8y  —  8.  It  seems 
clear,  therefore,  that  safe  loads  of  pillars  are  not  proportional  to 
the  breaking  weights,  but  must  be  referred  to  a  permissible  maximum 
strain. 

In  building,  the  practice  still  prevails  of  considering  cast-iron 
pillars  planed  top  and  bottom  as  subject  to  comjjound  flexure  as  per- 
ceived in  the  testing  machine.  That  this  is  not  the  case  needs  no 
special  argument  here,  as  the  fact  is  universally  recognized. 

Breaking  loads  are  computed  by  Gordon's  and  other  formulas 
based  upon  Hodgkinson's  experiments.  In  these  experiments  endwise 
compression  was  applied  to  the  specimen  as  nearly  as  practicable  in 
the  center  of  resistance,  or  at  least  in  the  center  of  gra\aty  of  the  pillar 
tested,  which  is  also  the  center  of  resistance,  unless  the  material  is 
heterogeneous. 

On  pages  382  and  383  of  this  paper  is  an  analysis  of  the  bending 
strains  caused  by  eccentric  loads.  The  exact  relation  of  the  eccentric 
breaking  load  to  the  concentric  breaking  load  is  exi)ressed  in  a  formula. 

Endwise  Compression. 
A  specimen  of  cast-iron  1  in.  square  is  extended  0.0017  of  its  length 
by  a  force  of  about  16  000  lbs.  applied  at  the  ends,  and   when  so  ex- 
tended it  is  torn  asunder.     If  the  specimen  is  5  ins.  long,  its  extension 
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under  a  tensile  strain  of  16  000  lbs.  is  5  x  0.0017  =  0.0085;  when  10 
ins.  long,  it  extends  under  the  same  strain  10  x  0.0017  =  0.017;  and 
when  100  ins.  long,  it  is  extended  100  x  0.0017  —  0.17  in.,  but  in  each 
event  it  requires  a  strain  of  neither  more  nor  less  than  16  000  lbs.  to 
cause  rupture. 

A  short  specimen  of  cast-iron  of  the  same  sectional  area  of  1  in.  is 
crushed  by  a  comjiressing  force  of  about  96  000  lbs. ;  l)ut  as  the  speci- 
men becomes  longer,  the  force  requii'ed  to  disintegrate  it  becomes 
rapidly  less.  Thus,  when  the  sjiecimen  is  5  ins.  long,  it  will  break  under 
85  000  lbs. ;  when  10  ins.  long,  under  45  000  lbs. ;  when  15  ins.  long, 
■under  30  000  lbs. ;  when  2(>  ins.  long,  under  2.3  000  lbs. ;  when  40  ins. 
long,  under  something  less  than  8  000  lbs. ;  and  when  80  ins.  long, 
under  2  000  lbs. 

Now  the  main  difference  in  the  behavior  of  two  specimens  acted 
upon  by  compression  and  tension  is  that  the  latter  specimen  remains 
in  a  straight  line  during  the  application  of  force,  while  the  former  be- 
comes curved.  It  is  said,  therefore,  that  a  pillar  or  strut  bends  or 
deflects  under  endwise  comjiression.  Unequal  compression,  though 
not  a  primary  cause,  is  a  result  of  the  process  of  bending.  This  in- 
volves a  brief  consideration  of  the  nature  of  elasticity. 

Elasticity  is  the  internal  force  which  in  matter  j^ersists  in  maintain- 
ing atomic  or  molecular  relations.  The  sum  of  persistence  which  a 
given  kind  of  matter  is  capable  of  constitutes  its  potential  elasticity. 
External  force  applied  to  given  matter  brings  into  activity  an  equal 
amount  of  elastic  force,  and  while  this  external  force  remains  in  action, 
the  potential  energy  of  elasticity  of  the  matter  in  question  is  reduced 
by  that  amount.  When  the  external  force  is  equal  to  the  internal 
potential  resistance  of  elasticity,  the  specimen  is  on  the  point  of  dis- 
ruption. Any  additional  amount  of  external  force,  no  matter  how 
small,  will  cause  dismption. 

The  exertion  of  the  elastic  force  inherent  in  matter  is  always  accom- 
panied with  fatigue.  This  means  that  the  potential  energy  of  elastic 
force  is  reduced  by  exertion.  The  amount  of  fatigue  caused  by  com- 
paratively small  increments  of  external  force  (as  compared  in  magnitude 
with  the  total  potential  energy  of  the  elastic  force  of  a  given  material) 
is  imperceptible  to  the  senses  iinless  scrutinized  by  special  sensitive 
instruments  of  measurement.  The  extent  to  which  this  is  the 
case  is  known  as  the  elastic  limit  of  the  material,  and  the  amount 


374  EIDLITZ    ON   THE   STRENGTH   OF    PILLARS. 

of  fatigue  which  becomes  perceptible  beyond  the  elastic  limit  is  called 
the  permanent  set.  Within  the  elastic  limit  the  increments  of  com- 
pression and  extension  are  nearly  the  same  for  every  equal  amount  of 
additional  external  force  applied,  so  much  for  every  additional  1  000 
lbs.  This  is  called  uniform  elasticity.  Beyond  the  elastic  limit,  com- 
pression and  extension  increase  with  every  additional  equal  amount  of 
external  force  applied.     This  is  called  variable  elasticity. 

Within  the  elastic  limit  each  pound  of  force  exerted  results  in  an 
equal  amount  of  compression,  or  an  equal  amount  of  extension,  though 
the  amounts  of  compression  and  extension  are  never  the  same  in  any  one 
material.  In  matter  uniformly  elastic,  the  number  of  pounds  of  ex- 
ternal force  divided  by  the  resulting  compression  is  a  constant,  or,  if 
divided  by  the  resulting  extension,  the  quotient  will  be  another  con- 
stant. These  constants  are  called  the  moduli  of  elasticity  of  the  given 
material.  So  each  material  has  its  special  moduli  of  elasticity  for 
compression  and  for  extension,  and  if  the  modulus  of  elasticity  is  ex- 
pressed by  E,  the  weight  by  W,  the  amount  of  compression  by  C,  and 
that  of  extension  by  T,  the  modulus  of  elasticity  for  compression  by  E^ 
and  that  for  tension  by  £",,  it  follows: 

-^  =K        and     y,  =  E, 
W=  E,.  C     "      W=  E,  T 

Within  the  range  of  variable  elasticity  each  number  of  pounds  of 
strain  has  its  special  modulus  of  elasticity;  hence,  the  convenience  of 
its  use  in  analysis  is  lost,  and  stress  must  be  referred  directly  to  the 
amount  of  the  compression  or  extension  caused  by  it  in  matter. 

The  compression  per  square  inch  area  caused  in  cast-iron  by 
weights  ranging  from  1  000  to  96  000  lbs.,  and  those  of  wrought  iron 
from  1  000  to  52  000  lbs.,  as  presented  in  Tables  Nos.  1  and  2,  are  de- 
rived from  curves  based  upon  the  results  of  Hodgkinson's  experi- 
ments. 

Table  No.  1  gives  in  column  2  the  compression  of  1  in.  area  of 
cast-iron  for  weights  from  96  000  to  1  000  lbs.,  also  in  column  3  the 
comj^ression  due  to  the  last  1  000  lbs.  a])plied.  It  will  be  seen  from 
the  last  that  the  elasticity  of  compression  of  cast-iron  is  variable 
throughout. 
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Table  No.  2  gives  in  column  2  the  compression  of  1  in.  area  of 
wrought  iron  for  loads  given  in  column  1 ;  also  in  column^S  the  com- 
pression due  to  the  last  1  000  lbs. 

It  will  be  seen  that  for  wrought-iron  pillars  the  additional  incre- 
ment of  comi3ression  for  every  additional  1  000  lbs.  is  0.00004  up  to 
12  000  lbs.,  and  0.00005  from  12  000  to  24  000  lbs.  Twenty-four  thou- 
sand to  28  000  lbs. ,  therefore,  is  accepted  as  the  limit  of  elasticity  of 
wrought  iron.  The  average  increase  per  1  000  lbs.  up  to  24  000  lbs. 
is  0.000045;  therefore,  1000-^0.000045  gives  the  modulus  of  elas- 
ticity for  the  compression  of  wrought  iron  as  22  000  000. 

For  the  extension  of  wrought  iron  within  the  elastic  limit  the  modu- 
lus is  found  by  experiment  to  vary  between  25  000  000  and  28  000  000. 

Deflection. 

For  greater  convenience  of  analysis  and  of  arriving  at  tables  which 
give  the  breaking  and  safe  weights  per  inch  area  for  lengths  expressed 
in  terms  of  diameters  or  radii  of  gyration,  let  the  diameter  of  the 
pillars  be  d  ^  1;  let  them  be  solid  and  square  in  form;  hence,  the 
sectional  area  will  also  be  a  =  1 ;  the  moment  of  inertia  will  be  -fV;  the 
moment  of  resistance  J,  and  the  pillar  length  expressed  in  diameters 
will  represent  so  many  inches. 

If  a  pillar  is  compressed  vertically  by  its  breaking  weight  and  is 
in  some  way  prevented  from  bending,  its  potential  elastic  energy  for 
compression  still  remaining  is  C  —  W,  where  Cis  the  crushing  weight 
of  the  material,  and  the  potential  energy  of  tension  still  remaining  is 
y-l-TFwhen  IT  represents  the  ultimate  resistance  of  the  material  to 
tension.* 

If,  now,  the  pillar  is  left  free  to  bend,  then  at  the  breaking  point 
this  remaining  potential  energy  is  exhausted;  hence,  the  bending  mo- 
ment 6  W,  S  being  the  deflection,  is  in  eqiiilibrium  with  the  potential 
energy  multiplied  l)y  the  moment  of  resistance;  hence, 

1  1  C  —  W      T-\-  W 

<5  Tr^i(C-Tr)^-j(r+PF)  and6-=-g-pj^=-g^ 

•  When  a  body  is  compressed  or  extended  by  a  force  less  than  its  ultimate  resistance  to 
compression  or  tension,  the  balance  of  compression  or  extension  possible  may  be  considered 
to  be  its  potential  energy  for  resisting  another  external  force. 

Let  a  body  capable  of  an  ultimate  resistance  to  compression  C,  or  of  resistance  to  exten- 
sion T,  be  compressed  in  the  one  instance  by  a  force  W,  or  extended  by  a  force  W,  in  either 
event  its  potential  energy  will  be  C  —  IK  or  T—W.  But  if  the  external  force  is  one  of  com- 
pression, in  either  case  the  potential  energy  of  resistance  to  compression  is  C —  W,  and  that 
to  extension  is  C  -f  W. 
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Under  conditions  of  uniform  elasticity  this  value  of  S  is  absolutely 
correct.  But  inasmuch  as  elasticity  is  variable,  it  would  be  true  only 
if  the  horizontal  sectional  planes  drawn  transversely  to  the  pillar 
length  were  to  become  curved  during  the  process  of  bending. 

To  ascertain  exact  deflections  related  to  certain  breaking  loads 
from  an  assumed  condition  of  compression,  or  of  compression  and 
tension  at  the  middle  of  a  pillar  bent  to  the  breaking  point,  the  fol- 
lowing process  is  practicable : 

Let  (I  h  c  d  (Fig.  1)  represent  a  diagram  of  compression  at  the 
middle  of  a  square  cast-iron  pillar  1  in.  on  a  side  bent  to  the  breaking 
point.  The  stress  at  b,  the  intrados  of  the  pillar,  is  assumed  to  be 
96  000  lbs. ,  the  crushing  stress  of  the  material.  The  compression 
due  to  a  stress  of  96  000  lbs.,  as     a  b 

given  in  the  table,  is  0.026.  At  § 
the  point  a,  the  extrados  of  the  c 
bent  pillar,  the  compressive  strain 
is  assumed  to  be  32  000  lbs.  Com- 
pression at  the  intervening  points 
between  a  and  b  is  as  marked  ujion 
the  vertical  lines  drawn  at  those 
points,  and  the  strain  due  to  these 
respective  compressions,  as  given 
in  Table  No.  1,  is  the  number  of 
l^ounds  marked  at  the  bottom  of 
the  vertical  lines.  A  B  CZ>  (Fig.  1) 
represents  a  strain  diagram  at  the  fio  i. 

middle  of  the  pillar  divided  into  ten  laminas  representing  the  mean 
stress  of  each  lamina.  This  diagram  gives  by  comjiutation  an  area  of 
71  080  lbs.  and  a  center  of  gravity  0.0092  distant  from  the  axis  of  the 
pillar,  which  distance  constitutes  the  deflection. 

A  series  of  diagrams  like  these  with  varying  strains  at  n  forms  a 

basis  for  tables  giving  the  breaking  weight,  deflection,  and,  as  will 

be  shown  hereafter,  the  breaking  radius  and  breaking  length  of  all 

possible  pillars.*     Tables  Nos.    3  and  4  have  been  prepared  in  this 

*  Tills  process  of  ascertaining  tbo  breaking  weights,  deflections,  radii  and  correspouding 
breaking  lengths,  as  given  in  Tables  Nos.  3  and  4,  is  absolutely  correct.    The  method  flrBt 

stated  (page  123)  of  computing  deflection  by  the  formula  i  =  is  loss  accurate  and   so 

li  the  resulting  determination  of  the  radluH,  and  consequently  of  the  pillar  length.  The 
result  is  (hat  for  given  pillar  lengths  the  breaking  weights  are  less  than  those  based  upon 
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manner ;  Table  No.  3  is  for  cast-iron  pillars,  and  Table  No.  4  for 
wrought-iron  pillars. 

Radius. 

Let  nh  c  d  g  (Fig.  2)  represent  the  strain  diagram  at  the  middle 
of  a  pillar  bent  to  the  breaking  point  under  a  breaking  load  W  ab  =■  T 
(tension)  and  d  g  =  C  (the  ultimate  crushing  resistance  of  the  mate- 
rial). Then  m  h  o  n  g  represents  the  total  resistance  to  bending,  and 
a  d  n  in  the  resistance  to  vertical  compression. 

If  the  latter  is  assumed  to  pervade  the  whole  pillar,  the  former 
determines  the  varying  positive  and  negative  strains  and  their  accom- 
panying compression  and  extension,  which  con-        k 
stitute  the  elements  that  determine  the   radius.      „    \p       

At  the  intrados,  the  i:)illar  always  shortens  in  \v/ 

bending.     At  the  extrados,  it  may  shorten  less,     *"  "X" 

not  at  all,  or  it  may  lengthen  by  tension.     The  \ 

shortening  at  the  breaking  point  at  the  middle 
of  the  pillar  is  r/^  =  c.     That  part  of  dg  which  I'lo.  2. 

represents  resistance  to  bending  {n  g)  becomes  continually  less  at 
points  approaching  the  top  and  bottom  of  pillar,  and  is  nil  at  the  top 
and  bottom. 

The  average  of  the  strains  in  point  (if  the  bending  curve  of 
the  pillar  is  assumed  to  be  the  same  as  that  of  a  rectangular 
beam  under  a  transverse  load  in  its  center)  is  p  (C —  W)  =  0.6125  X 
(C —  W).  A  circular  curve  drawn  through  the  top,  the  bottom,  and 
the  middle  of  the  intrados  of  a  pillar  at  the  breaking  jjoint  therefore 
represents  a  uniform  strain  of  compression  of  W  -\-  p  [C —  W),  and  a 
similar  circular  curve  at  the  extrados  represents  a  uniform  strain  of 

the  assumption  of  a  curved  resistance  diagram  at  the  middle  of  the  pillar  at  the  point  of 
breaking.  Exactly  how  much  this  difference  amounts  to  may  be  ascertained  by  comparing 
Tables  Nos.  1  and  2  with  Tables  Nos.  3  and  4. 

Figs.  3  and  4  show  the  curves  of  breaking  weights  for  respective  pillar  lengths  in  accord- 
ance with  Tables  Nos.  1  and  3  and  Nos.  2  and  4  for  more  convenient  comparison.    But  inas- 

c—  ir 

much  as  breaking  weights  are  of  themselves  no  criterion  of  safe  loads,  the  formula  8  = 

6  U 

has  been  used  in  the  following  analysis  of  deflections  under  loads  less  than  the  breaking 
weight  with  resiilfs  that  show  no  material  diflference  when  applied  to  either  of  Tables  Nos. 
1  and  3  or  Nos.  2  and  4,  except  in  the  case  of  long  wroughtiron  pillars,  which  show  some- 
what increased  safe  loads  when  computed  in  accordance  with  Table  No.  4. 

Inasmuch  as  the  breaking  loads  for  both  cast  and  wrought  iron,  as  given  in  Tables 
Nos.  1  and  2,  more  nearly  coincide  with  the  results  of  Hodgkinson's  experiments,  and  inas- 
much as  a  moderate  reduction  of  the  safe  loads  of  long  columns  secures  reasonably  moderate 
deflections,  it  has  been  deemed  best  to  compute  the  tables  of  safe  loads  in  accordance  with 
Tables  Nos.  1  and  2. 
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W  —  p  (G —  W)  which  may  be  negative  or  positive,  a  strain  of  com- 
pression or  tension.  The  radius  and  deflection  of  a  pillar  are  the  sole 
elements  of  its  length  (as  will  be  shown  hereafter),  and  though  the  cir- 
cular curve  which  jiasses  through  the  middle  and  top  and  bottom 
differs  from  the  bending  curve,  this  diflference  of  length  may  be  neg- 
lected without  appreciable  error. 

The  radius  of  a  circular  curve  is  the  radius  of  any  portion  of  it, 
being  dej^endeut  upon  the  compression  at  the  intrados,  and  the  com- 
pression or  extension  at  the  extrados.  If  ^— ^.^ 
compression  be  expressed  by  the  sign  C,, 
and  extension  by  the  sign  Ej.  and  a  b  c  <l,  fig.  5. 

Fig.  5  represents  a  portion  of  the  pillar  in  a  circular  curve,  of  which /^r  is 
the  axis,  then  o  ^  is  the  radius  R,  and  if  the  diameter  of  the  pillar  is  d, 

then  a  c;  b  d  =  i?  -| — —  =  R ~, 

ac  -\-  b  d 


and  if  d  =  1  then  R  = 


2  [ac  —  bd)' 

Let  the  height  oi  a  b  c  d  be  considered  as  1  prior  to  deformation  by- 
bending,  then  .ic  =  1  —  C^^  [W  —  p  {C  —  ^V)],  and 

bd  =  1—  C„  [W^  p  (C—  W)]  and 

R  _  2  -  \.G^[W-p{C-  Tr)]  +  Q,[TF-u  p  (C  -  TF)]] 

-     2  [C;rTF  +  p  (C-  W)-]  -  C,  [W-p  (C-  W)]-] 

When  p  {C  —  W)  is  greater  than  W,  then    W  —  p  {C  —  W)  becomes 

negative  and  denotes  tension. 

Example. — To  find  the  radius  for  a  breaking  weight  IF=4:8  000 
lbs.,  the  ultimate  resistance  of  the  material  to  crushing  being 
C  =  96  000  lbs.  C— TF=  48  000  and  p(C  —  TF)  =  29400;  ]F-f  p(C— 
TF)  =  48  000  -f  29  400  =  77  400  lbs.,  W  —  p  (C  —  W)  =  18  600  lbs. 
By  Table  No.  1  the  compression  for  77  000  lbs.  is  0.016045.  For  the 
additional  400  lbs.  at  the  rate  of  the  last  1  000  lbs.,  which  is  0.000454; 
it  is  0.000L82;  therefore,  for  77  400  lbs.  the  compression  is  0.016045  -f 
0.000182  =  0.016227.  The  compression  due  to  18  600  lbs.,  the  uniform 
stress  at  the  extrados  by  TaV)le  No.  1,  is  0.001606;  hence, 

_  2  —  (0.001606  +  0.016227)  _  2  —  0.017833  _  ^^  ^ 

~     2  (0.016227^^0001606)     ""    2707014621)"  ~ 

Table  No.  1  gives  the  uniform  strains  for  cast-iron  at  the  iuti'ados 

in  column  6  and  those  of  the  extrados  in  column  7.     Column  4  of  the 

same  table  gives  the  strain  at  the  middle  of  the  extrados.     It  will  be 

observed  that  this  strain  is  one  of  compression  throughout  the  pillar 
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area  when  the  breaking  weights  range  from  96  000  lbs.  down  to  48  000 
=  i  G ;  at  48  000  lbs.  the  stress  in  the  middle  of  the  pillar  at  the 
extrados  is  nil.  From  48  000  down  to  40  000  lbs.  breaking  weight,  the 
strains  at  the  middle  at  the  extrados  are  tensional,  beginning  with 
0  and  ranging  up  to  16  000  lbs.,  the  assumed  ultimate  resistance  of  the 
material  to  tension.  At  the  intrados  in  the  middle  of  the  pillar  down 
to  a  breaking  load  of  40  000  lbs.  the^strain  is  constant  at  the  ultimate 
resistance  of  the  material  to  crushing,  which  is  assumed  at  96  000  lbs. 
When  cast-iron  pillars  exceed  a  length  of  11.3  diameters,  they  break 
under  a  load  less  than  40  000  lbs.  by  rui^ture  at  the  extrados;  hence, 
the  strain  at  the  middle  of  the  intrados  becomes  less  than  96  000  lbs. , 
and,  as  is  shown  by  Table  No.  1,  when  a  1-in.  square  cast-iron  pillar  is 
115.1  ins.  long,  it  breaks  by  tension  at  the  extrados,  while  at  the  middle 
of  the  intrados  the  strain  of  compression  has  run  down  to  18  000  lbs. 

It  may  be  noticed  also  that  deflection  becomes  greater  when  the 
pillar  becomes  longer  and  the  breaking  weight  becomes  less.  As  the 
breaking  weights  descend  from  96  000  to  1  000  lbs. ,  deflection  begins 
with  0.00175  and  ends  with  2.83333.  The  radius,  on  the  other  hand,  is 
largest  with  the  greatest  breaking  weight  and  becomes  less  when  the 
breaking  weight  becomes  less.  It  is  least  at  a  breaking  weight  of 
48  000  lbs.  From  this  point  downward  in  the  scale  of  breaking 
weights  the   radius  becomes   larger  again. 

Both  radius  and  deflection  depend  upon  the  resistance  of  the  jiillar 
to  bending  at  the  breaking  point.  This  resistance  is  the  i^otential 
energy  of  the  material  still  remaining  after  the  vertical  force  of  end- 
wise compression  is  deducted  from  the  ultimate  strength  of  the 
material;  G —  TFor  T -\-  TF are  the  measure  of  this  potential  energy. 
The  greater  the  elastic  force  of  C  —  W  or  T  -\-  W,  the  greater  the 
deflection. 

This  accounts  for  the  fact  that  pillars  break  with  smaller  deflections 
than  beams  under  a  transverse  load.  In  the  latter,  resistance  to  bend- 
ing is  the  total  ultimate  strength  of  the  material,  while  in  the  former 
a  portion  of  this  strength  is  consumed  by  endwise  vertical  com- 
pression. 

Length  of  a  Pillar. 

Let  a  b  (Fig.  6)  represent  a  small  portion  of  a  circular  curve,  the 
radius  of  which  is  a  o,  and  its  diameter  a  d ;  then  the  ciarve  a  h  may 
without  serious  error  be  considered  as  a  straight  line,  and  the  triangle 
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a  c  b  is  homologous  to  the  triangle  a  b  il  and  a  c  :  a  b  =  ab  ;  b  d  and 
a  c  X  b  d  =  a  b'-. 

0 


Let  b  g  represent  the  length  of  a  pillar  bent  with  a  deflection 
d  =ac  and  bg  =  L,  hence  L  =  '2ab  and  ab^  =-t-  and  b  d  =  2  R;  then 
bv  substituting  these  values  of  a  c,  b  d  and  a  b  in  a  c  X  b  d  =^  a  b^. 


2  RS  =-r-  and  L^  =  8  R  d  and  L=  V  8  Kd. 

Tables  Xos.  1,  2,  3  and  4  give  the  length  of  jiillars  corresponding 
to  the  respective  breaking  weights  for  solid  square  cast  and  wrought- 
iron  pillars,  on  the  assumption  of  straight  and  curved  diagrams  of 
resistance  at  the  middle  of  the  pillar.  Fig.  3  gives  resistance  curves 
at  the  breaking  point  of  solid  square  cast-iron  pillars  of  all  lengths 
and  breaking  weights  in  accordance  with  Tables  Xos.  1  and  3,  also 
with  Gordon's  formula  and  Hodgkinson's  experimental  results.  Fig.  4 
gives  the  same  for  solid  square  wrought-iron  pillars. 

ECCENTKIC   Lo.VDS. 

The  foregoing  analysis  refers  to  pillars  compressed  endwise  by  a 
force    acting    in    the    center    of     m 
graWty  of  the  resistance,   which 
in   a  homogeneous  pillar  is  also 
the  center  of  gi-avity  of  its  cross- 
section.     In   that   case   stress    is   " 
assumed  to  be  equally  distributed 
at  the  top  of   the  pillar,  also  at 
the  bottom. 

When  the  force  compressing  the 
pillar  is  not  acting  in  its  center, 
and  the  eccentricity  is  7i  (a  frac- 
tion of  its  diameter),  then  the  dis-  *"'"■  ''• 
tribution  of  stress  at  the  top  of  the  pillar  is  not  uniform,  but  may  be 
expressed  by  the  diagram,  Fig.  7,  where  Wi  being  1,  x  denotes  strain 


_    \ 
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of  comiiression  at  the  intrados  ./•,  1  or  x  W,  and  y  the  strain  at  the  ex- 
trados,  y,  1  or  y  TFj ;  the  latter  may  be  a  strain  of  comjiression  or 
tension  or  nil,  and 


0,  and 
6  n  —  1. 


6  6 

X  =  6  '/i  +  1  ^•iitl  V 

At  the  point  of  breaking,  the  strain  at  the  intrados  in  the  middle 

of  the  jjillar  has  increased  to  C,  the  crushing  strain  of  the  material, 

hence  the  moment  due  to  deflection  5i  is  resisted  bv  —-^.    The  resist- 

o 

ance  to  the  total  bending  is  therefore 

Let  a  b  eg  (Fig.  8j  represent  the  upper  half  of  the  pillar  bent  by  the 
load  TFp  placed  ui)on  the  top  of  the  pillar  at  the  distance  n  from  its 


center  of  resistance  (where  n  repre- 
sents a  fraction  of  the  diameter  of  the 
pillar),  and  let  5  be  the  resultant  de- 


ww,  j^ 


flection  and 
bending 


W, 


6 


,  the  resistance  to 


C-  W, 


=  {n  +  li,)W, 


(1) 


Let  W,  the  breaking  weight  of  the 
pillar  in  question,  when  acting  in  the 
center  of  resistance,  be  placed  at  the 
center,    the   moment   of   resistance  to 

C—  W 
bending  will  be  — -^ and   the   pillar 

will  bend  with  a  deflection  5  <  <5 ,  and 
S  W:  5i  Tr=  C—  W  :  C  —  W^  or  d:S^  =C—  W:  C—  TT',  and  <5.  = 
C—  W,    .  _        C—  W    .,  .  C—  W, 


,  but  as  (5  = 


,  then   Si  =^ 


C—  W 6  IF    '  '  6  PF    • 

When  this  value  of  ^i  is  introduced  in  equation  (1),  then 


w,  =  ±  ^( 


C-i-  W^+6rt  W^- 


c  w+ 


0+  TF-f  6n  W 


2  J         -    ■■    >  2 

In   the  case   of  the    cast-iron    pillars,    the   bending   resistance    is 


T+  W 


,  then 


W.  =  :t^( 


W  —  6n  W—  TV 


--)  +  T  Tr  + 


W  —  GnW  —  T 
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Table  No.  5  gives  the  breaking  weights  for  cast-iron  pillars  of 
length,  in  diameters  varying  from  5  to  50,  when  compressed  by  loads 
placed  to  one  side  of  their  neutral  axis,  for  eccentricities  of  0.1,  0.3, 
0.5,  0.7  and  1.0.  Table  No.  6  gives  breaking  loads  for  wrought-iron 
2)illars  for  lengths  in  diameters  from  7  to  44  for  the  same  eccentric 
loads. 

The  Deflection  and  RADitrs  Caused  by  TFj  <^  W  when  Placed  in 
THE  Center  oe  Resistance. 

Let  a  pillar  of  the  length  L,  breaking  deflection  d,  breaking  weight 

<t  St 

W,  and  breaking  radius  R,  be  bent  to  a  deflection  S^  =-^  or  S^  =  -r-;  the 

respective  weights  will  be  less  than  W,  say  W  —  a,  and  W  —  {a  -\-  b) 
and  the  corresponding  bending  moments  are  d^  {W  —  a)  and  5,i  {W  — 
a  —  b)  and  the  bending  radii  iJj  and  Rd-  Inasmuch,  however,  as  L 
is  constant,  then  L'  =  S  8  R  =  8  Sy  R^  =  S  S^  R^  or  5  J?  =  5^  i?,  = 
(5„  jRjj  =  .  ..^J^  R^.  The  value  of  R  Ry  Rf^  is  always  a  function  of  the 
respective  deflections,  d,  Sy  and  8^^,  irrespective  of  bending  weight. 

The  bending  moment,  on  the  other  hand,  depends  on  the  bending 
weight  as  well  as  on  the  deflection.  The  greatest  bending  strain  occurs 
at  the  middle  of  the  intrados  of  the  pillar,  and  at  the  breaking  point 
it  is  C,  the  crushing  resistance  of  the  material  when  deflected  to  the 
point  8.  With  a  deflection  5,,  the  greatest  stress  at  the  middle  of  the 
intrados  will  he  S  <i  C,  and  with  a  deflection  8n  it  is  S^  <<  S. 

Comparing  the  bending  moments  with  the  respective  resistance, 
C-W      ^  .^   S-   W, 

S^^  —  {W  —  a  —  b) 

6 

If  elasticity  is  assumed  to  be  uniform,  and  S  —  IF  is  the  internal 

stress  which  resists  bending  and  the  compression  due  to  -S"  —  TF  is 

S  —  W 

= — ,  JE^  being  the  modulus  of  elasticity  of  the  material  in  question, 

the  radius  may  be  found  by  comparing  the  length  of  any  unit  of  meas- 
ure at  the  intrados  with  a  corresponding  unit  of  the  pillar  axis,  with- 
out regard  to  the  vertical  comi)refision  which  is  uniformly  distributed. 
In  that  case  compression  at  the  jjillar  axis  is  nil  and  at  the  intrados 

it  18  r; —  as  stated  previously,  and  1  —  -^^ ^ — —  :  1  ^  ii, —  ^-  :  lii 

IE 
and  the  radius  /i,  =  — — ^-^ :=-,    hence 


=  8  W;  -^— J-  =  5i  TFi  =  <5,  (  W  —  a)  and 

=  5„(Tr-a-6) (2) 
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2p  {S—  (W—a))                         2p(.S,,  — (TF— a— 6)) 
i?,  :i2„  =  -?„-(TF-./-6)  :S,-(W-a) (3) 

From  equation  (2)  : 

,9  =  ( TF  —  fl)  (  1  +  6  5,)  and  .?„  =  ( TF—  a  —  6)  (1  +  6  5i,) 

C  —  W  C  —  W 

and  as  5,  =    ^^  ^^    and  5„  =    ^4  TF 

,s=  ( TF- a)  (i  +  ^^=ir^)  ^^'^ 

/           C—  TF\  ' 

^„  =  (TF-«-&)(l  +  Vtf) (^^ 

Substitute  values  of  «S  and  aS,,  in  equation  3. 
R,:Ru=(W-a-b)   (l  +  ^^  ~P)  -{W-a-b): 

(^^— ^')(l  +  ^^')   -(TF-a) 

D      D         /TT^  ,    (C  —  TF)    ^^-^  ((7—  TF) 

i2,  :  Rn  =  (TF-  a  -  h)  '    ^   ^y      ■  (TF—  a)       ^  ^^ 

R,.R^=^-:!-'^.W-a 

^n  =  2i^.^^^^r^ (5) 

But  inasmuch  as  i?,,  (5,,  =  ii,  <5,  and  (5,  =  2  (5,,,  hence  2  R^  must  be 
=  i?,,  in  all  cases.  Therefore  equation  (5)  is  true  only  when  a  and 
h  are  nil. 

At  all  i^oints  short  of  the  breaking  deflection  it  is  known  by  ex- 
periment that  there  is  no  equilibrium  during  the  i)rocess  of  bending 
under  a  breaking  weight  until  the  breaking  deflection  is  reached,  and 
that  resistance  to  the  bending  moment  is  least  at  the  smallest  deflec- 
tion, and  becomes  greater  as  the  breaking  deflection  is  approached. 

Yet  at  half  the  breaking   deflection    (5,  =  -^ 

.    „-       S  -  TF 
6,  1F=    —^—, 

Q \Y 

at  the  breaking  point   (5    TF=  — - —  ;  hence, 

S—  W  :  C—  TF=  6^   W:d  W  =  1:2,  and 
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If  S  —  7F represented  an  internal  force  of  resistance  to  the  bending 
moment,  then  exiaeriment  would  show  a  condition  of  equilibrium  ;  but 

this  not  being  the  case  — j: only  partially  consists  of  compression. 

a  compression  due  to  a  strain  less  in  magnitude  than  S  —  TF,  in  fact 
a  stress  equal  to  ( W —  o). 

But  S —  TFis  the  true  measure  of  the  radius,  hence  the  radius  is  the 
result  of  two  forces.  The  one  is  (5,  (TF — n]  which  is  the  force  of 
compression  at  the  intrados  in  excess  of  that  at  the  pillar  axis,  and  the 
force  8 1  n,  which  for  the  present  may  be  attributed  to  the  vertical  stress 
of  a  weight  W —  a  without  a  definition  of  its  exact  nature,  simply  be- 
cause endwise  compression  is  the  sole  cause  of  any  and  all  deformation 
of  the  pillar.    An  example  will  illustrate  the  foregoing  more  clearly: 

Given  a  solid  1-in.  square  cast-iron  pillar  and  9.5  ins.  long,  then 
C  =  96  000  lbs.,  TF  =  48  000  1bs.,  S  =  0. 16666,  i?  =  67. 7 and  5  B^U.S; 

consequently  any  ^^  R^  must  also  be  equal  to  11.3,  and  if  (5,  —  —  = 

0.08333,  then  By  =  135.4. 

The  value  of  TF,  being  unknown  further  than  that  it  is  less  than  TT". 
it  must  be  something  between  48  000  lbs.  and  nil.      Whatever  its  mag- 

nitude;  when  5,  =  -^,  the  radius  i?,  must  be  135.4. 

Let  TF  be  48  000  lbs.,  then  5,  TT'=  ^^  and  as  8  W  =  ^-^  then 

-pr-'  TF  =  -TT —  = -^ where  5  is  the  total  strain  at  the  intrados 

2  12  b 

when  the  deflection  is  <5,  =  0.08333,  and  6,  11'= g —  ^  4  000  lbs., 

and  5  —  TF=  24  000  lbs. ;  hence  S  =  72  000  lbs.  S  being  known,  the 
radius  may  be  computed  by  the  formula  developed  on  page  380,  by 
substituting  S  for  C  and 

xj  _  _2  -  [C„  (TF-p  (^-  W))  +  C,.  (TF+;>  {S  -  TF))]  _         . 
'-     2[G„{W+p{S-W))-C,{W-p{S-W))-^     -    *''-^- 

If  TF=  44  000  lbs.,  -S  =  66  000  lbs.  and  /?,  =  172.7. 

If  PF=  40  000  l})s.,  then  S=  60  000  lbs.  and  /^,  =  219.5. 

If  TF  =  39  070  lbs.  (which  is,  as  will  appear  hereafter,  to  be  the  true 
weight  which  bends  the  pillar  with  a  deflection  8  =  0.08333),  then 
5  —  TF  =  19  534  and  ^  =  58  606  and  /e,  =  233. 1. 

Table  No.  7a  gives  the  values  of  S,  (S  —  TT^)  and  R  for  possible  TF, 
from  48  000  down  to  24  000  lbs. 

Inasmuch  as  the  radius  corresponding  with  a  deflection  «5,  =  0.08333 
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cannot   be   more  tlian  135.4,    it  appears  that  whatever  the  bending 

weight  which  results  in  a  resistance  of j; — ^   the   radius   to   corre- 

°  b 

spond  with  that  resistance  is  less  than  the  radii  shown  in  Table  No.  7A, 
whence  S  —  TF,  must  be  correspondingly  greater  than  those  appear- 
ing in  the  table. 

Whatever  the  value  oi  S  —  TF„  or  X  as  it  will  be  called  hereafter, 
it  is  greater  than  the  bending  moment. 

It  constitutes  the  resistance  to  a  force  acting  transversely  to  the 
pillar  length  to  the  extent  of  the  deflection.  It  appears  that  when  a  pillar 
bends  under  any  weight  W  or  "PTi  <  TT  the  deflection  is  not  owing 
primarily  to  diversity  of  compression,  but  to  a  sliding  motion  of  the 
particles  in  a  horizontal  direction  which  results  in  a  dis- 
placement of  the  compressing  force  to  one  side  of  the 
pillar  axis,  hence  unequal  compression  of  the  transverse 
area  of  the  pillar. 

In  Fig.  9  the  curve  of  deflection  «  c  is  projected,  which 
is  due  to  unequal  compression,  and  6  c  is  the  curve  of 
total  deflection.  This  means  that  6  rZ  =  <3,  (the  actual 
deflection),  and  a  d  is  that  part  of  the  actual  deflection 
which  is  due  to  diversity  of  compression,  and  it  means 
further  that  during  the  process  of  bending  the  point  d  na  9. 
has  moved  horizontally  to  b  while  c  remained  stationary,  also  that  the 
points  of  /,  Ji  and  n  have  moved  respectively  to  g,  ii  and  o. 

If  the  pillar  is  assumed  to  be  compressed  in  a  testing  machine,  c  is 
stationary  and  </,  /,  h  and  n  are  movable.  This  motion  doubtless  be- 
gins with  any  pressure,  no  matter  how  small,  and  when  TFj  is  very 
small,  b  d  also  will  be  jn-oiiortionately  small.  Yet  as  the  line  of  com- 
pression continues  to  be  a  straight  line  between  the  poles  of  the  pillar 
axis,  and  as  the  pillar  axis  in  the  meantime  has  T)ecome  a  curve,  un- 
equal compression  is  the  result.  It  will  be  shown  hereafter  that  when 
the  compressing  force  is  very  small  as  compared  with  the  breaking 
weight,  a  d  is  also  very  small  as  compared  with  b  d  and  when  the  com- 
pressing force  becomes  the  breaking  weight,  ab  =  b  d. 

Resistance  to  Bending,  fob  TF,  <  TF, 
At  tbe  breaking  point  the  amount  of  bending  depends  upon  the 
bending  weight  and  upon  the  strength  of  the  material ;  this  means  the 
total  potential  energy  of  the  material  still  remaining  after  a  portion  of 
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it    has    been    consumed    in    resisting  vertical   stress.     The   formula 

C—    W 
8  =  —  means  that  a  pillar  bends  at  the  breaking  point  as  much  as 

D  W 

the  resistance  of  the  material  will  permit  and  inversely  as  the  bending 
force.  Deflection  at  the  breaking  point  is  an  element  in  determining 
the  length  of  the  jjillar,  and  deflection  is  as  the  square  of  the  pillar 
length  limited  by  the  radius,  which  is  also  as  the  square  of  the  pillar 
length  limited  by  the  deflection.  Elasticity  does  not  enter  into  deter- 
mining the  breaking  deflecfion.  But  when  it  is  intended  to  compare 
bending  and  resistance  to  bending  for  weights  less  than  the  breaking 
weight,  elasticity  becomes  an  element  in  comparing  the  condition  of  it 
for  a  weight  TFj  <  TF  with  a  corresponding  condition  at  the  breaking 
point. 

If  resistance  to  bending  iinder  the  weight  TT^,  <^  W  be  called  ^Y  then 
X  :  G—  W=W,E  :   WE, (6) 

Now  the  radius  expressed  in  terms  of  elasticity  [E)  is 

E 


R  = 
Deflection  8  = 


2,)  (C—  W) 

C—  W 


6  W 
The  pillar  length  is  L'  =8  R  8;  hence 

^  =  12yW=^  SJTW  ^"^  ^^  =  Spin'  ^"^^ 

^'-■^"-w'-w,"^^^^^'-^^^ ^^^ 

Comparing  equations  (6)  and  (7),  X:  C —  W  =  L-  :  L,^  where  L  is 
the  jiillar  length,  and  L,  the  length  of  a  pillar  of  which  W,  is  the 
breaking  weight. 

Tables  Nos.  7  A  and  7  B  give  the  X  as  computed  by  the  above  for- 
mula for  various  weights  less  than  the  breaking  weight,  also  the 
respective  radii  and  deflections  deduced  from  the  value. 

It  will  be  seen  that  in  all  cases,  whatever  the  value  of  W,  that 
6  i2  =  <5,  J?,  =  5,1  ii,,  = 5„=  ii„ 

Example. — To  find  the  value  of  Xor  pXior  a  solid  l-in.  square  east- 
iron  pillar  9.5  ins.  long,  of  which  48  000  lbs.  is  the  breaking  weight, 
when  loaded  in  the  center  of  resistance  with  a  weight  of  24  000  lbs. 

The  length  of  a  jiillar  which  breaks  under  a  load  of  24  000  lbs.  is 
19.4  diameters  =  L,,  hence  Lf  =  376.3G,  C—  IF  =  48  000  lbs.,  and 
p{C—  W)  =2d  400;  hence 

pX:  29  400  =  90.25:  376.36  and  pX  =  7  050  and  X=  11  510. 
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To  Find  the  Radius. — The  radius  R  may  be  found  by  the  formula — 

7?  _  27-[C,(Tr  +  7>(g-  t^))+  CAW-p{C-W))\ 
^-     2iG,{W  +  p{C-W))-G,{W-p[G-W))1 

by  substituting  W^  =  24  000  lbs.  for  TFand  7  050  =pXloYp{G—  W). 
^  2  —  (Q,  (24  OOP  +  7  050)  +  Gp  (24  000  —  7  050) 
1  ~     2  (Cp  (24  000  —  7  050)  —  G^  (24  000  —  7  050) 

_  2  —  (Cy  16  950  +  Gp  31  050) 
'  ""     2  (C*,  31  050  —  Cp  16  950) 

1'  2  — (0.002897  +  0-001451)  _ 
^~     2(0.002897  —  0.001451)     ~"        "   ' 
To  Find  the  Deflection. — The  breaking  radius  of  a  pillar  9.5  ins.  in 
length  as  previously  described  is  /2  =  67. 7,  and  the  breaking  deflection 

8\=  0.16666,  hence  d  R  =  11.3  and  ^^  =  ^^,  =  0.01637,  the  deflec- 

K^        byu.i 

tion  due  to  the  weight  W^  =  24  000  lbs. 

The  deflection  may  be  computed  however  from  the  quantity  pX 

without  reference  to  the  radius  by  the  formula  5j  :  5  =  (7,  :  C,  where  Cj 

is  the  difierence  of  compression  between  that  of  the  intrados  and  ex- 

trados,  and    G  is   the   compression   of    TT"  +  p  (C  —    W)  —  (TF  — 

■  p  {G—  W)),  hence 

8Gp(W^-\-pX)-\-Gp{W,  —  pX) 


5,= 


Cp{W  +  p{G-  W))-Gp{W-p[G-  TF))' 


In  this  case  W  +  pX  =  24  000  +  7  050  =  31  050. 

and  TFi  —  pX  =  24  000  —  7  050  =  16  950. 
By  Table  No.  1,  compression  of  31  050  =0.002897 

"  16  950=0.001450 


and  the  diff'erence  between  them  =  0.001447 

By  Table  No.  1  may  also  be  found 

Cp[W+p{G-  W))-Gp{W-p{C-  W))  = 

0.016683  —  0.001606  =  0.014977 

.        1   ,  ^        1x0.001447         „„^.. 

and  as  6  =  -g,  hence  5.  =  6^^^:014977  =   ^'^^^^ 

The  difference  (0.00027)  between  this  result  and  the  previous  one 
is  owing  to  the  fact  that  pillar  lengths  are  developed  only  to  the  extent 
of  one  decimal,  which  is  ordinarily  quite  suflicient  for  all  practical 
purposes. 

Table  No.  7  A  gives  the  values  of  -yz,  oi  X  and  pX,  the  radii  and 
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deflections  of  various  weights  less  than  the  breaking  weight  of  a  solid 
square  cast-iron  pillar  9.5  in  length. 

Table  Xo.  7  A  shows  the  deflection  of  the 

Breaking  weight,  W  =  48  000  lbs.  to  be  0.16666 
TT,  =  39  070  lbs.  "  0.08333 
TT,  =  24  000  lbs.  "  0.01655 
TFi  =  12  000  lbs.  "  0.00528 
TFi  =    4  000  lbs.       "      0.00155 

Table  Xo.  7  B  gives  the  same  data  for  a  square  solid  wi-ought-iron 
pillar  19.6  diameters  in  length. 

The  deflection  under  loads  less  than  the  breaking  load  may  also  be 
computed  directly  from  the  resistance  at  the  breaking  point  of  the 

pillar ^ as  follows: 

Resistance  to   bending  under  lesser   weights  than   the  breaking 

weight,  as  previously  shown,  is  X  =  [C —  W)  T"i~' 

where  L  is  the  pillar  length  in  question  and  L^^  is  the  breaking  length 

of  a  pillar  which  breaks  under  TF",,  the  weight  assiimed  as  W^  ■<  W. 

Let  \c  be  a  force  applied  transversely  upon  the  pillar  at  its  middle, 

,^      X      wL       ,          2X      2    {G—W)L^      2   {C—W)L  .„, 

theng-=— andK-=3^  =  -  ^     ^,.  ^        =3- Z;. («) 

If  10  is  considered  as  a  transverse  load  at  the  middle  of  the  pillar, 
and  the  pillar  is  considered  as  a  beam  resting  at  the  top  and  bottom, 

w  1} 
its  deflection  is  5,  =        .  . ,  ,  and  if  the  pillar  as  heretofore  is  solid  and 
4o  L  ill, 

1  in.  square, /(mom. inertia)  =  =-5  and  5,  =    .  ,,    (9) 

Substituting  the  value  of  xo  from  equation  (8) 

2^  (g—  W)V'  _  {G—W)V 
'  "  3        4  A  L,*      ~"      6  ^  L,»    " 

Example. — Given  the  solid  1-in.  square  wrought-iron  pillar  19.6  ins. 
in  length,  the  breaking  load  of  which  is  W  =  2<o  000  lbs. ;  its  breaking 
deflection  5  =  0.16666;  resistance  to  crushing,  C7  =  52  000  lbs. ;  hence, 
C —  W  =20)  000  lbs.;  what  is" the  deflection  of  this  pillar  when  bend- 
ing under  a  load  of  12  000  lbs.  ? 

The  length  of  a  pilliir  L^  that  breaks  under  12  000  Il)s.  is  38.8 
diameters,  and  L^  =  1  505.44. 
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L  being   19.6,  lience  V  =  14757.9.     The   average   compression  of 
■wrought  iron  within  the  limit  of  elasticity  is  0.000045  per  1  000  lbs., 

(G—  W)  L*  26  000  X  14  757.9        _ 


hence  E=  22  220  000  and  5,  =- 


6  X  22220000  x  1505.44 


&E  L,2 
0.019.     Table  No.  7  B  gives  0.01828. 

Deflections  of  safe  loads  may  also,  within  the  limit  of  elasticity,  be 
derived  directly  from  the  breaking  deflection  by  the  following  method : 


If  <?, 


(C—   W)  L*       (C—  W)  L^ 

6  £,  £2     -        6  £:, 

{C-  W)  V 
^^    ■    ^  -       6ELr- 

(C  —  W)  L^       i-  .  L,^ 

&Ey                                 E             Ey 

and 


Approximately  the  modulus  of  elasticity  of  the  last  1  000  lbs.  of  IF 
is  to  the  modulus  of  elasticity  of  the  last  1  000  lbs.  of  W^  as  E  :  E^. 

Fig.  10  explains  the  reason  for  this  statement.  Let  a  b  c  d  he  the 
trapezoid  which  represents  the  resistance  at  the  middle  of  the  pillar  to 
vertical  load  and  to  bending;  then      &  /  ,. 

f  g  is  the  bending  force  and  the  tri- 
angles amr^  and  ngd  represent  the 
resistance  to  bending,  and  a  vi  and 
n  d  express  a  number  of  i^ounds, 
and  ?«  and  n  the  mean  of  this  num- 
ber of  pounds.  Hence  the  average  ^^°-  ^*'- 
of  the  thousands  of  pounds  located  between  (/  and  a  is  to  be  found  at 
n,  and  the  modulus  of  elasticity  of  the  1  000  lbs.  at  n  is  also  approxi- 
mately the  average  of  the  moduli  of  the  various  thousands  of  pounds 
contained  between  (/  and  a.  This  is  approximately  but  not  absolutely 
true,  but  the  error  involved  is  small  and  on  the  safe  side. 

Now  if  the  last  1  000  lbs.  of  n  =  (TF)  1  000,  and  of  m,  =  [Wy)  1  000, 

ir,  1000       -.      -       ,., .>     1000 

C„  lOOO' 


then  E  = 


i^)^^^^  and  E,  =   ': •  t  rZ  and  5.  :  ^  =  L^  {G,  W,) 


C.  1  000 


Cpiooo- 


^1   1%  ^y)  ^;    1000 


and  fS,  =  (5 


L^     C„  1000  (TF.) 


L,2    C„  1000  [W) 

Example.— Vs'haX  is  the  deflection  caused  by  a  weight  of  12  000  lbs. 

upon  a  solid  1-in.  square  wrought-iron  pillar  19.6  ins.   long?     TF  = 

26  000  lbs.  and  C„  ( TF)  1000  =  0.00007,   L'=  374.16;  L,-=  1  505.44; 

1     .  .1     374.16   4       rtnoQfi? 

Cp  (TF)  1  000  =.  0.00004;   <5  =^;  hence  5,  =  g-  ^^^^q^;^  7  =  0.02367. 

Table  No.  7  gives  a  dofloctioa  of  0.01828,  hence  the  safe  load  given  in 
Table  No.  9,  being  10  720  His.,  would  be  reduced  by  388  lbs. 
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What  is  the  deflection  caused  h\  16  000  lbs.  upon  a  solid  cast-iron 
jjillar  9.5  ins.  long  and  1  in.  square  as  heretofore  described?  The 
breaking  vreight  is  48  000  lbs.  and  the  compression  due  to  the  last  1  000 
lbs.,  as  given  in  Table  No.  1,  column  3,  is  0.00025.  That  of  the  last 
1  000  lbs.  of  16  000  lbs.  is  0.000083,  L-  =  90.25  and  Xf  =  696.96.     The 

breaking  deflection  '5  =  ^  hence 

_  S  L-  Gp  IF,  1  OOP  _  1  X     90.25  x  0.000083  _ 
^  ~~    Xi«  (7p   TT  1  000  ~  6  X  696.96  x  0.000250  ~  ^-""^^^ 
which  exceeds  the  deflection  given  in  Table  No.  7  (0.00800)  by  0.00035, 
hence  the  safe  load  is  reduced  by  33.6  lbs. 

An  experimental  test  taken  from  the  reports  of  the  Watertown 
Arsenal  confirms  the  correctness  of  deflections  S^  of  weights  less 
than  the  breaking  weight.  The  report  of  the  Watertown  Arsenal  of 
1888-89  gives  on  page  733  the  deflections  of  a  round  hollow  cast-iron 
pillar  of  6.35  ins.  outer  and  4.24  ins.  inner  diameter  under  various 
loads  when  compressed  in  the  testing  machine,  it  ultimately  failed 
by  triple  flexure.  The  length  of  the  pillar  is  13.09  or  25.3  diame- 
ters, hence  the  pillar  considered  as  hinged  at  the  ends  which  cor- 
responds with  it  is  12.65  diameters  long.  The  radius  of  gyration  of 
this  jnllar  expressed  in  tei'ms  of  the  diameter  is  found  to  be  0.030236 
(in  inches,  1.92),  hence  the  length  in  terms  of  the  radius  of  gyration  is 
40.9.  Table  No.  8  gives  the  safe  load  of  14  380  lbs.  for  this  length. 
The  deflection  of  a  pillar  11.8  diameters  long  (which  length  in 
diameters,  as  given  in  Table  No.  8,  corresponds  with  a  length  in  radius 
of  gyration  of  40.9)  caused  by  a  load  of  14  380  lbs.,  may  be  computed 
by  the  formula  X  :  (C —  W)  =  L"  :  Li'  where  L  is  the  length  of  a 
pillar  which  has  a  breaking  weight  of  14  380  lbs.  and  which  will  be 
found  by  Table  No.  1  to  be  29.1;  hence  X  :  54  000*  =  139.24  :  846.8 
when  X=  8  877  lbs.  andpX=  5  437.  Hence  the  radius  of  the  pillar 
in  question  11.8  diameters  long  bent  by  a  load  of  14  380  lbs.  is  1  Oil 

7*  ISO  24- 

ln».andg-g  =  ^  =  -5^=  0.0172. 

The  metal  area  of  the  pillar  reported  by  the  Watertown  Arsenal  is 
17.28  sq.  ins.,  hence  the  total  load  of  the  pillar  corresponding  to  the 
safe  load  14  380  lbs.  is  248  486  lbs.     The  report  gives  deflections  at  the 

•  Breaking  weight  of  a  pillar  11.8  diameters  long  Is  tr  =  38  000  lbs. 

r  =  16  000   " 

ir  +  r  =  64  000  ii>8. 
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middle  of  the  pillar  in  two  directions,  horizontal  and  vei-tical,  for 
•240  000  lbs.,  of  0.04  and  0.06  in.,  respectively,  and  for  260  000 lbs.,  of  0.05 
and  0.07  in.  From  this  data  may  be  deduced  the  deflection  of  248  436 
lbs.  as  0.056  and  0.084  in.  The  true  deflection  the  resultant  of  the  vertical 


and  horizontal  deflections  is  «5i  =  y  0.056^  +  0.084"  =  0.101.  Divide 
this  by  the  diameter  of  the  pillar,  6.35,  and  it  will  be  found  that 
the  deflection  di  =  0.016. 

Table  No.  7  A  gives  the  radii  and  deflections  pertaining  to  various 
weights  ( TF, )  from  nil  to  48  000  lbs. ,  which  is  the  breaking  weight  of  a 
solid  1-in.  square  cast-iron  pillar  9.5  ins.  in  length. 

Table  No.  7  B  gives  the  radii  and  deflections  pertaining  to  various 
weights  {W)  from  nil  to  26  000  lbs.,  which  is  the  breaking  weight  of  a 
solid  1-in.  square  wrought-iron  pillar  19.6  ins.  long. 

If  it  is  intended  that  the  maximum  strain  of  the  pillar  shall  not 
exceed  16  000  lbs.,  one-sixth  of  the  ultimate  strength  of  the  material, 
and  that  no  load  bending  the  pillar  can  be  considered  to  be  a  safe  load 
which  results  in  a  maximum  strain  greater  than  16  000  lbs.,  it  is  clear 
that  a  load  of  15  232  lbs.  would  certainly  constitute  a  safe  load,  inas- 
much as  the  resistance  to  the  bending  moment  does  not  exceed  768  lbs. 
In  fact,  the  deflection  caused  by  a  weight  of  15  232  lbs.  is  less  than 
0.008,  hence  the  bending  moment  is  less  than  128  lbs.  It  ■will  be  seen 
by  Table  No.  8  that  the  safe  load  for  the  pillar  described  previously  is 
15  300  lbs. 

Table  No.  8  has  been  computed  in  the  manner  indicated.  A  load 
IV,  is  assumed  as  probable  to  constitute  a  safe  load  of  a  given  pillar, 
and  its  deflection  is  computed  by  the  method  given  on  page  389 ; 
then  the  correctness  of  the  assumed  load  is  tested  by  the  formula 
TF,  -|-6<5,  TFj  =  3fS,  wherein  Jf.?  means  the  maximum  strain  at  the 
iutrados.  If  I\f  S  >  16  000  lbs. ,  then  TT,  must  be  smaller  than  the  TT, 
first  assumed,  and  if  3f  S  <C  16  000  lbs.,  then  TF,  is  greater.  Column 
1  in  Table  No.  8  gives  the  lengths  of  pillars  exi)ressedin  diameters,  and 
column  2  in  terms  of  the  radius  of  gyration,  for  convenient  reference 
in  computing  safe  loads  for  pillars  of  all  forms.  Column  3  gives  the 
safe  loads,  and  column  4  the  respective  breaking  loads. 

It  will  be  noticed  that  for  pillars  less  than  seven  diameters  in  length 
the  safe  load  is  one-fourth  the  breaking  load,  and  less  when  the  pillar  is 
very  short.  From  seven  to  about  twelve  diameters  in  length,  the  safe 
load  varies  from  one-fourth  to  one-third  of  the  breaking  load.     From 
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12  to  25  diameters  tlie  safe  load  varies  from  one-third  to  one-half  the 
breaking  load,  and  from  25  to  50  diameters  the  safe  load  is  nearly  one- 
half  the  breaking  load.  The  significance  of  the  relation  of  safe  loads 
to  breaking  loads  becomes  more  apparent  by  reversing  the  above  state- 
ment as  follows  : 

Breaking  loads  approximate  safe  loads  (which  cause  a  given  maxi- 
mum strain)  in  magnitude  in  a  ratio  related  to  the  length  of  the  pillar. 

With  a  pillar  of  infinite  length  the  safe  load  and  the  breaking 
weight  must  both  be  nil,  and  with  a  pillar  of  inapi^reciable  length, 
say,  a  thin  plate,  the  safe  load  multiplied  by  the  factor  of  safety  is 
equal  to  the  breaking  weight. 

Table  No.  9  gives  for  wrought-iron  pillars  all  the  data  contained  in 
Table  No.  8  for  cast-iron  pillars. 

Example. — Find  from  Table  No.  8  the  safe  load  per  inch  of  metal  of 
a  round,  hollow  cast-iron  column  20  ft.  long  and  12  ins.  outer  and  10 
ins,  inner  diameter. 


The  radius  of   gyration  is   R^j  =     \ — — — ^^vl 


144  +  100       17 


16  4 

4.25  ins.  The  length  of  the  pillar  in  inches  is  20  x  12  =  240  and  length 
in  terms  of  the  radius  of  gyration  is  Z,  =  56.5.  Table  No.  8  gives  the 
safe  load  per  inch  of  metal  of  a  i^illar  56.5  radii  of  gyration  in  length 
as  12  000  lbs. 

It  may  be  noted  here  that  cast-iron  pillars  not  exceeding  28  diam- 
eters or  97  radii  of  gyration  In  length  are  not  subject  to  tension  at  the  ex 
trados  under  a  safe  load,  as  given  in  Table  No.  8,  when  the  load  is  placed 
in  the  center  of  gravity  of  the  pillar.     Inequalities  and  other  probable 
defects  of  castings  are  assumed  to  be  covered  by  the  factor  of  safety. 

Breaking  loads  for  cast-iron  pillars  as  given  in  Table  No.  1  and  for 
wrought-iron  pillars  as  given  in  Table  No.  2,  also  the,  respective  safe 
loads,  as  given  in  Tables  Nos.  8  and  9,  being  computed  on  the  as- 
sumption that  the  load  is  api:)lied  in  the  center  of  gi'avity  of  the  pillar, 
it  is  essential  that  this  should  bo  the  case  accurately,  inasmuch  as 
slight  deviations  cause  material  diftbrences  in  their  magnitude.  A 
cast-iron  pillar  10  ins.  in  diameter  and  11.9  ft.  in  length  [L  =  14.3)  will 
break  under  a  load  of  32  000  lbs.  per  inch  metal  area,  when  the  load  is 
placed  in  the  center  of  gravity  of  the  pillar.  When  placed  1  in.  to  one 
side  of  the  center  it  will  break  under  21  150  lbs.,  and  when  jilaced  0.5 
in.  off'  the  center  of  gravity  of  the  pillar  the  breaking  load  is  26  050  lbs. 
or  19%  less  than  when  exactly  in  the  center. 
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Bkickwokk. 

The  report  of  tests  of  the  strength  of  strixctural  material  made  at 
the  "Watertown  Arsenal  cUiring  the  year  1884  gives  on  page  92  the  com- 
pression of  a  common  hard-brick  pier,  8  ins.  sqnare  and  16.48  ins. 
high,  laid  in  lime  mortar  comj^osed  of  1  part  lime  and  3  imrts  sand, 
15  months  old  when  tested. 

If  brickwork  laid  up  with  good  cement  (say,  1  part  of  the  best 
Rosendale  and  2i  parts  of  sand)  is  used  in  ordinary  building,  at  least 
six  months  expire  before  it  is  loaded  to  the  full  extent  of  the  safe  load 
assumed.  The  resistance  to  compression  of  brickwork  so  laid  may  be 
considered  fully  as  great  as  that  of  brickwork  laid  up  in  lime  mortar  15 
months  old.  Its  compressibility  will  probably  be  less.  It  is  doubtless 
safe  to  assume  that  it  is  no  greater. 

Table  No.  10  gives  compression  in  parts  of  1  for  loads  uj)  to  2  000 
lbs.  i^er  square  inch,  as  deduced  from  the  "Watertown  exjjeriments,  and 
shows  a  sufficient  uniformity  to  warrant  the  acceptance  of  a  modukis 
of  elasticity  of  160  000  without  appreciable  error  in  j^ractice. 

Let  2  000  lbs.  be  the  breaking  weight  (it  is  2  440  lbs.  in  the  Water- 
town  test)  and  300  lbs.  the  maximum  stress  permissible  under  a  safe 
load,  also  let  the  cohesion  of  the  cement  mortar  be  ignored  as  a  medium 
of  resistance  to  tension,  then  one-sixth  the  diameter  becomes  the 
greatest  possible  deflection  at  the  breaking  point.  In  other  words,  the 
breaking  point  occurs  whenever  the  stress  at  the  intrados  amounts  to 

2  000  lbs.  or  the  stress  at  the  extrados  is  nil. 

E 

With  uniform   elasticity   the    radius    R  =  — =p  and  as  5  = 

^~^  and  L^  =  8dB,  hence,  L-  =  -^  ^,- and  as  ^=  160  000,  then L-  = 
Q  W  o  p   vV 

174  000       .,  174000 

W  L^     ■ 

The  stress  at  the  intrados  under  a  safe  load  is  300  lbs.  up  to  a  pil- 
lar length  of  13.2  diameters,  where  the  breaking  load  is  1  000  lbs.  In 
pillars  of  greater  length.s  the  stress  at  the  intrados  cannot  exceed 
t'jsrice  the  amount  of  the  safe  load  without  causing  tension  at  the  ex- 
trados. 

For  lengths  in  terms  of  the  diameters,  L,  the  square  of  the  respect- 
ive lengths,  I?,  breaking  loads  i>er  square  inch  of  sectional  area,  break- 
ing deflections,  safe  loads  i)er  inch  area  and  deflections  under  them, 
see  Table  No.  11. 
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It  will  be  noticed  that  for  lengths  greater  than  13.2  diameters  the 
deflection  of  safe  loads  is  intended  to  remain  constant. 

The  weights  of  floors  supported  in  the  center  of  resistance  of  a 
wall  or  pier  constitute  a  part  of  the  suijerincumbent  weight,  pound  for 
pound.  It  frequently  happens,  however,  that  floor  beams  or  girders 
are  so  placed  that  they  constitute  an  eccentric  load,  and  if  n  be  the 
eccentricity,  such  floor  loads  should  be  multiplied  by  (6  n  +  1)  in 
order  to  ascertain  the  value  of  the  centric  load  which  represents  them. 
This  rule  is  approximately  correct  in  view  of  the  minute  deflections 
under  safe  loads  as  applied  in  practical  building. 

YELiiOw  Pine  Ppllabs. 

Table  No.  12  gives  the  safe  loads  for  yellow  pine  j^illars  based  upon 
£■  =  1  600  000,  computed  as  described  previously. 

For  knots  and  sap  due  allowance  is  to  be  made,  and  1h%  may  be 
added  for  pillars  for  temjjorary  use. 

Summary. 

For  convenience  in  use,  the  leading  formulas  deduced  in  the  jDre- 
ceding  discussion  are  printed  here,  together  with  the  notation. 

Notation. — G  is  the  ultimate  resistance  of  the  material  to  compres- 
sion. 

T  is  the  ultimate  resistance  of  the  material  to  tension. 

W     "     breaking  weight. 

W^  is  a  weight  less  than  the  breaking  weight. 

8    is  the  breaking  deflection. 

5,       "      deflection  caused  by  TF,. 

R       "      radius  at  the  breaking  poiiit. 

R^      "  "       with  the  load  W^. 

L       "      length  of  the  pillar  in  terms  of  the  diameter. 

d  "  diameter,  taken  as  1  in  the  paper.  Hence  the 
moment  of  inertia  /,  is  -rj  for  a  solid  square  section, 
and  the  moment  of  resistance  is  \. 

Cj,  is  the  amount  of  comi)ression. 

i?j,     **       radius  of  gyration. 

p       "      coefficient  0.6125. 
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E^  is  the  modulus  of  elasticity  for  compression. 

E^      "■  "  "  tension. 

n        "     eccentricity,  expressed   by   a    fraction    of    tlie 

diameter. 
X  and  y  are  the  coefficients  of  stress  in  eccentric  loads. 

Fainnidas. — Breaking  weights  and  safe  loads  are  comi^uted  upon  the 
assumption  that  pillars  are  comjDressed  in  the  center  of  resistance  and 
are  subject  to  single  flexure,  except  in  the  case  of  eccentric  loading. 

1.  Deflection  at  the  breaking  point. 

2.  Kadius  at  the  breaking  point  corresponding  to  given  deflections. 

2  -  [C^  (TF+  p  iC-W))  +  C,  {W-p  {G-W))) 
^-      2(C,,   [W+  p  [G-W))  -  G,{W-  p  {G-W))) 

3.  Breaking  length. 

i=-/8  5  it! 
With  eccentric  loading. 

4.  Compression  at  the  ends  of  the  pillar. 

.-/;  =  6  n  +  1  j/  =  6  n  —  1. 

5.  Breaking  weight  expressed  in  ultimate  resistance  of  the  material 
and  centric  breaking  loads. 


C-\-  W-\-&n  W^ 


6.  Resistance,  to  bending  when  TF,  is  less  than  W. 

X=iG-W)£ 

7.  Deflection,  when  TF,  is  less  than  W. 

{G-W)L^  _     I/C,VOOO{W,) 

^'~     &ELC-  '~     L,-  G„l  000  ( TF) 

8.  Brickwork. 

2  E       174  000       „  E  180  60  0 

^=160  000.    w=^^^=-jj-     ii-.,p^^j_wrir:z'w- 

9.  Yellow  pine  posts. 

1  740  000  „       1  306  000 

£  =  1  600  000         W^  = jj^ —  R  =    (j_y^  ■ 
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TABLE  No.  1. — Breaking  Weights  for  Kott>t)-En-ded  Solid   1-In. 
Square  Cast-Iron  Pillars,  Loaded  in  the  Center. 
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96  000 

0.026000 
0.025333 

—96  000 
—94  000 

96  000 
95  612 

96  000 
94  388 

93  000 

"6".  660667" 

"6!66i75" 

i'259!2" 

"*i'.2 

94  0iW 

0.024736 

0.000597 

—92  000 

0.00345 

95  223 

92  775 

670,2 

4.2 

93  000 

0.024155 

0.000581 

—90  000 

0.00537 

94  837 

91  163 

462.9 

4.4 

92  000 

0.023590 

0.000565 

—88  000 

0.00724 

94  449 

89  551 

364.6 

4.4 

91000 

0.023038 

0.000552 

—86  000 

0.00916 

94  062 

87  938 

288.8 

4.5 

90U00 

0.022493 

0.000545 

—84  000 

0.01111 

93  675 

85  325 

244.2 

4.6 

89  000 

0.021955 

0.0UO538 

—82  000 

0.01311 

93  287 

84  713 

213.2 

4.7 

88  000 

0.02U24 

0.000531 

—80  000 

0.01515 

92  900 

83  100 

189.1 

4.8 

87  000 

0.020900 

0.000524 

—78  000 

0.01724 

92  512 

81488 

170.6 

4.8 

86  0U0 

0.020383 

0.000517 

—76  000 

0.01938 

92125 

79  875 

165.7 

4.9 

85  UOO 

0.019873 

0.000510 

—74  000 

0.02157 

91737 

78  263 

143.7 

4.9 

84  000 

0.019370 

0.000503 

—72  000 

0.02381 

91350 

76  650 

133.5 

6.0 

83  000 

0.018874 

0.000496 

—70  000 

0.02610 

90  962 

75  038 

125.1 

6.1 

82  000 

0.018385 

0.000489 

—68  000 

0.02846 

90  575 

73  425 

117.8 

6.1 

81000 

0.017903 

0.000482 

—66  000 

0.03086 

90  187 

71813 

111. 6 

6.2 

80  000 

0.017428 

0.000475 

-64  000 

0.03333 

89  800 

70  200 

106.3 

5.3 

79  000 

0.016960 

0.000468 

—62  000 

0.03797 

89  412 

68  588 

101.6 

6.6 

78  000 

0.016499 

0.000461 

—60  000 

0.04060 

89  025 

66  975 

97.9 

6.6 

77  000 

0.0160*5 

0.000454 

—58  000 

0.01113 

88  637 

65  363 

93.8 

6.6 

76  000 

0.015598 

0.000447 

—56  000 

0.04386 

88  250 

63  756 

90.6 

6.6 

7^000 

0.015158 

0.000440 

—54  000 

0.04666 

87  862 

62138 

87.7 

6.7 

74  000 

0.014725 

0.000133 

—62  000 

0.05000 

87  475 

60  525 

86.1 

6.8 

73  000 

0.014299 

0.000426 

—50  000 

0.05251 

87  087 

58  913 

82.3 

5.9 

72  000 

0.013880 

0.000419 

—48  000 

0.05585 

86  700 

57  300 

80.7 

6.0 

71000 

0.013468 

0.000412 

—46  000 

0.05879 

86  312 

55  688 

78.8 

6.2 

70  000 

0.013063 

0.00040.5 

—44  000 

0.06190 

85  855 

54  145 

77.6 

6.2 

69  000 

0.012665 

0.000398 

—42  000 

0.06522 

85  537 

52  463 

76.6 

6.2 

68  000 

0.012274 

0.000391 

—40  000 

0.06872 

85  150 

50  850 

74.3 

e.a 

67  000 

0.011890 

0.000384 

—38  000 

0.07211 

84  762 

49  238 

73.1 

6.4 

66  000 

0.011513 

0.000377 

—36  000 

0.07576 

84  375 

47  6-26 

72.0 

6.6 

65  000 

0.011143 

0.0(10370 

—34  000 

0.07949 

83  987 

46  013 

71.0 

6.7 

64  000 

0.010718 

0.000362 

—32  000 

0.08333 

83  600 

44  400 

70.2 

6.8 

63  000 

0.010426 

0.000355 

—30  000 

0.08730 

83  212 

42  788 

69.6 

6.9 

62  000 

0.010078 

0.000348 

—28  000 

0.09140 

82  825 

41175 

68.9 

7.0 

61000 

0.009737 

0.000341 

—26  000 

0.09.590 

82  437 

39  663 

68.4 

7.2 

60  000 

0.009403 

0.000a34 

—24  000 

0.10000 

82  050 

37  950 

68.1 

7.3 

59  000 

0.009076 

0.000327 

—22  000 

0.10482 

81662 

36  338 

67.6 

7.6 

58  0OO 

0.008756 

0.000320 

—20  000 

0.10920 

81275 

34  725 

67.5 

7.6 

57  000 

0.008443 

0.000313 

—18  000 

0.11404 

80  887 

33  113 

67.3 

7.8 

5H000 

0.008137 

0.000306 

—16  000 

0.11905 

80  000 

31  500 

67.2 

8.0 

65  000 

0.007838 

0.000299 

—14  000 

0.12406 

80  112 

29  888 

67.2 

8.1 

64  000 

0.007546 

0.000293 

—12  000 

0.13000 

79  725 

28  275 

67.2 

8.3 

63  000 

0.007261 

0.000286 

—10  000 

0.13522 

79  337 

26  663 

67.3 

8.6 

52  000 

0.006983 

0.000278 

—  8000 

0.14102 

78  950 

25  050 

67.4 

8.7 

51  000 

0.006712 

0.000271 

—  6000 

0.14706 

78  662 

23  438 

67.4 

8.9 

60  000 

0.006448 

0.000264 

—  4000 

0.16333 

78  175 

21  825 

67.6 

9.1 

49  000 

0.006191 

0.000267 

—  2  000 

0.16986 

77  787 

20  213 

67.7 

9.3 

48  000 

0.005941 

0.000260 

0000 

0.16666 

77  400 

18  600 

67.7 

9.6 

47  000 

0.005698 

0.000243 

+  2000 

0.17376 

77  012 

16  988 

67.8 

9.7 

46  000 

0.005460 

0.000238 

+  4000 

0.18116 

76  625 

16  376 

68.0 

9.9 

45  000 

0.006232 

0.000228 

+  6000 

0.188i-8 

76  237 

13  763 

68.1 

10.1 

44  000 

0.005014 

0.000218 

+  8000 

0.19700 

76  850 

12  150 

68.3 

10.2 

43  000 

0.004806 

0  000208 

+10  000 

0.20542 

76  462 

10  638 

68.6 

10.6 

42  000 

0.004608 

0.000198 

+12  000 

0.21429 

75  075 

8  926 

68.6 

10.8 

41  000 

0.004418 

0.000190 

+14  000 

0.22368 

74  687 

7  313 

68.7 

11.1 

40  Duo 

0.004233 

0.000183 

+16  000 

0.23333 

74  300 

6  700 

68.9 

11.3 
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TABLE  No.   1— {Continued). 
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39  000 

0.004059 

0.000176 

*_94  000 

0.23500 

72  687 

5  313 

72.2 

11.6 

38  000 

0.003890 

0.000169 

—92  000 

0.23684 

71075 

4  925 

74.3 

11.8 

37  000 

0.003728 

0.000162 

—90  000 

0.23874 

69  462 

4  538 

79.8 

12.3 

36  000 

0.003533 

0.000155 

—88  000 

0.24074 

67  850 

4  150 

83.7 

12.7 

35  000 

0.003425 

0.000148 

—86  000 

0.24285 

66  237 

3  763 

87.9 

13.0 

34  000 

0.003283 

0.000142 

—84  000 

0.24510 

64  625 

3  375 

93.2 

13.5 

33  000 

0.003147 

0.000136 

—82  000 

0.24747 

63  012 

2  988 

97.6 

13.9 

32  00U 

0.003016 

0.0U0131 

—80  000 

0.25000 

61400 

2  600 

103.3 

14.3 

31  OOO 

0.002891 

0.000125 

—78  000 

0.25268 

59  787 

2  213 

109.1 

14.8 

30  000 

0.002771 

0.000120 

—76  000 

0.25555 

58  175 

1825 

115.3 

15.3 

29  000 

0.002657 

0.000114 

—74  000 

0.25862 

56  562 

1438 

121.5 

15.8 

28  000 

0.002547 

0.000110 

—72  000 

0.26190 

54  950 

1  050 

128.7 

16.4 

27U00 

0.002441 

0.000106 

—70  000 

0.26543 

53  337 

663 

136.4 

17.0 

2fi(i00 

0.002337 

0.000104 

—68  000 

0.26920 

51  725 

275 

144.7 

17.6 

25  000 

0.002235 

0.000102 

—66  000 

0.27333 

50  112 

112 

153.7 

18.3 

24  000 

0.002134 

0.000101 

-64  000 

0.27777 

48  500 

f.OO 

170.4 

19.4 

23  00U 

0.002034 

0,0(10100 

—62  000 

0.28261 

46  887 

887 

173.8 

19.8 

22  000 

0.001935 

0.000099 

•  —60  000 

0.28800 

45  175 

1  175 

185.8 

20.6 

21  000 

0.001837 

0. 000098 

—53  000 

0.29365 

43  662 

1  662 

196.5 

21.5 

20  000 

0.001740 

0.000097 

—56  000 

O.30O00 

42  050 

2  050 

208.9 

22.4 

19  000 

0.0<)1644 

0.000096 

—54  000 

0.30700 

40  437 

2  437 

221.4 

23.3 

IK  000 

0.001549 

0.000095 

—52  000 

0.31480 

38  825 

2  825 

23i.6 

24.3 

17  000 

0.001455 

0.000094 

—50  000 

0.32335 

37  212 

3  212 

248.5 

25.3 

16  000 

0.001362 

0.000093 

—48  000 

0.33333 

35  600 

3  600 

262.3 

26.4 

15  000 

0.001270 

0.000092 

-46  000 

0.34444 

33  987 

3  987 

276.9 

27.6 

14  000 

0.001179 

0.000091 

—44  000 

0.35715 

32  375 

4  375 

291.7 

28.8 

13  000 

0.001089 

0.000090 

—42  000 

0.37154 

30  772 

4  772 

306.6 

30.1 

12  000 

0.001000 

0. 000089 

—40  000 

0.38888 

29  150 

5  150 

322.2 

31.8 

11  000 

0.000912 

0.000088 

—38  000 

0.40909 

27  537 

5  537 

337.8 

33.2 

10  000 

0.000825 

0.000087 

—36  000 

0.43333 

25  925 

5  925 

353.9 

35  0 

9  000 

0.000739 

0.000086 

—34  000 

0.46300 

24  312 

6  312 

371.3 

37.0 

8000 

0.000654 

0.000085 

—32  000 

0.50000 

22  700 

6  700 

389.7 

39.4 

7  000 

0.000570 

0.000084 

-30  000 

0.54760 

21087 

7  087 

409.9 

42.3 

6  0i'0 

0.000487 

0.000083 

—28  000 

0.61111 

19  775 

,   7  475 

'   425.9 

45.6 

5  000 

0.000404 

0.000083 

—26  000 

0.70000 

17  832 

7  832 

j   460.8 

50.0 

4000 

0.000322 

0.000082 

—24  000 

0.83333 

16  250 

8  250 

486.0 

56.9 

3000 

0.000240 

0.0OC082 

—22  000 

1.05555 

14  637 

8  637 

521.0 

60.3 

2  000 

0.000196 

0.000081 

-20  000 

1.50000 

13  025 

1   9  025 

535.7 

80.0 

1  000 

0.000079 

0.000080 

—18  000 

2.83330 

11  412 

9  412 

584.4 

115.1 

*  strains  at  this  point  change  from  the  extrados  to  the  intrados,  where  heretofore  the 
strain  has  been  96  000.  At  the  extrados  the  strain  continues  at  +10  000  to  the  end  of  the 
table. 
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TABLE   No.  2. — Beeaking  Weights   fob   Round-Exded   Solid   1-Ix, 
Square  Wrought- Ieon  Piklaes,  Loaded  ix  the  Center. 


52  000 
51000 
50  000 
49  000 
48  000 
47  000 
46  000 
45  000 
44  000 
43  000 
42  000 
41  UOO 
40  000 
39  000 
38  000 
37  000 
36  000 
35  000 
34  000 
33  000 
32  000 
31000 
30  000 
29  000 
28  000 
27  000 
26  000 
25  000 
24  000 
23  000 
22  0OO 
21  000 
20  000 
19  000 
18  000 
17  000 
16  000 
15  000 
14  000 
13  000 
12  000 
11  000 

looon 

9  000 
8000 
7  000 
6000 
6  000 
4000 
3  000 
2000 
1000 
500 


a  a  a 
c  B  5 

S  o  o 
P.o§ 


0.00800 
0.00749 
0.00701 
0.00655 
0.00611 
0.00569 
0.00529 
0.00491 
0.00455 
0.00421 
0.00389 
0.00359 
0.00331 
0.00305 
0.00281 
0.00259 
0.00239 
0.00221 
0.00205 
0.00191 
0.00178 
0.00166 
0.00155 
0.00145 
0.00136 
0.00128 
0.00121 
0.00115 
0.00110 
0.00105 
0.00100 
0.00095 
0.00090 
0.00086 
0.00080 
0.00075 
0.00070 
0.00065 
0.00060 
0.00065 
0.00050 
0.00O46 
0.00041 
0.00037 
0.00032 
0.00028 
0.00024 
0.00020 
0.00016 
0.00012 
0.00008 
0.00004 
0.00002 


„o       1  + 

5-  -a 

^<»  P  o 
OS  o  Sffi 
055  S  a" 

®l   li 

OH 


0.00051 
0.00048 
0.00046 
0.00044 
0.00042 
0.00040 
0.00038 
0.00036 
0.00034 
0.00032 
0.00030 
0.00028 
0.00026 
0.00024 
0.00022 
0.00020 
0.00018 
0.00016 
0.00014 
0.00013 
0.00012 
0.00011 
0.00010 
0.00009 
0.00008 
0.00007 
O.O0O06 
0.00005 
0.00005 
0.00005 
0.00005 
0.00005 
0.00005 
0.00005 
0.00005 
0.00005 
0.00006 
0.00005 
0.00005 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 
0.00004 


—52  000 
—50  000 
—48  000 
—46  000 
—44  000 
—42  000 
—40  000 
—38  000 
—36  000 
—34  000 
—32  000 
—30  000 
—28  000 
—26  000 
—24  000 

—  22  000 
—20  000 
—18  000 
—16  000 
—14  000 
—12  000 
—10  000 

—  8000 

—  6  000 

—  4  000 

—  2000 
0000 

+  2  000 
+  4  000 
+  6  000 
+  8  000 
+10  000 
+12  000 
+14  000 
+16  000 
+18  000 
+20  000 
+22  000 
+24  000 
+26  000 
+28  000 
+30  000 
+32  000 
+34  000 
+36  000 
+38  000 
+40  000 
+42  000 
+44  000 
+46  000 
+48  000 
+  60  000 
+51  000 


0.0033 
0.0066 
0.0102 
0.0140 
0.0177 
0.0217 
0.0259 
0.0303 
0.0349 
0.0397 
9.0447 
P.U500 
0.0555 
0.0614 
0.0676 
0.0741 
0.0810 
8.0884 
0.0960 
0.1042 
0.1129 
0.1222 
0.1322 
0.1426 
0.1543 
0.1666 
0.1800 
0.1944 
0.2101 
0.2272 
0.2460 
0.2666 
0.2900 
0.3148 
0.3431 
0.3760 
0.4111 
0.4524 
0.5000 
0.5555 
0.6212 
0.7000 
0.8000 
0.9166 
1.0714 
1.2777 
1  5666 
2.0000 
2.7222 
4.1666 
8.5000 
17.1666 


—52  000 
—50  388 
—48  776 
—47163 
—45  550 
—43  938 
—42  325 
—40  713 
—39  lOU 
—37  488 
—35  875 
—34  263 
—32  650 
—31  038 
—29  425 
—27  813 
—26  200 
—24  588 
—22  975 
—21  363 
—19  750 
—18  128 
—16  525 
—14  913 
—13  4(10 
—11  688 
—10  075 

—  8  463 

—  6  850 

—  6  238 

—  3  625 

—  2  013 

—  400 
+  1  212 
+  2  825 
+  4  437 
+  6  050 
+  7  662 
+  9  275 
+10  887 
+12  500 
+14  112 
+15  725 
+17  337 
+18  950 
+20  662 
+22  175 
+23  778 
+25  400 
+27  010 
+28  625 
+30  240 
+32  040 


52  000 
51612 
51224 
50  837 
50  450 
50  062 
49  675 
49  287 
48  900 
48  512 
48  125 
47  737 
47  350 
46  962 
46  675 
46187 
45  800 
45  412 
45  025 
44  637 
44  2.50 
43  872 
43  475 
43  087 
42  000 
42  312 
41  925 
41537 
41  1.50 
40  762 
40  375 
39  987 
39  600 
39  212 
38  825 
38  437 
38  060 
37  662 
37  275 
36  887 
36  500 
36  112 
35  725 
35  337 
34  950 
34  562 
34  175 
33  778 
33  400 
33  010 
32  625 

32  240 

33  010 


1  654.2 
863.4 
605.7 
473.2 
394.0 
346.5 
313.8 
290.1 
273.3 
261.4 
254.7 
250.0 
2.50.0 
250.0 
250.0 
2.50.0 
253.6 
257.6 
261.7 
265.0 
270.4 
272.1 
277.8 
284.2 
286.0 
288.4 
292.6 
295.4 
301.5 
306.2 
309.0 
310.0 
318.0 
320.  U 
323.5 
326.3 
328.0 
329 . 6 
331.8 
332.0 
329.9 
329.7 
327.6 
326.6 
325.6 
323.5 
322.4 
318.3 
313.4 
304.8 
295.0 
280.9 
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TABLE  No.  .3. — Breaking  Loads  of  Kotisd-Ended  Solid  1-1n.  Squake 

Cast-Ieon  Pillaks,  Loaded  in  the  Center. 

Compression,  —      Tension,  -|- 


96  000 
95  000 
94  000 
93  000 
92  000 
91000 
90  000 
89  000 
88  000 
87  000 
86  000 
85  000 
84  000 
83  000 
82  000 
81000 
80  000 
79  000 
78  000 
77  000 
76  000 
75  000 
74  000 
73  000 
72  000 
71  000 
70  000 
69  000 

68  000 

67  000 
66  000 
65  000 

64  000 
63  000 
62  000 
61  000 
60  000 

69  000 

68  000 
57  000 
56  000 

65  000 
54  000 
53  000 
52  000 
51  000 
60  000 
49  000 
48  000 
47  000 
46  000 
45  000 
44  000 
43  000 


"o  OS*  a 

»  °  S!  ^2 


—96  000 
—94  000 
—92  000 
—90  000 
—88  000 
—86  000 
—84  000 
—81  630 
—79  250 
—76  730 
—74  300 
—72  150 
—70  000 
—67  500 
—65  000 
—62  500 
—60  000 
—57  500 
—55  001) 
—52  600 
—50  000 
—46  800 
—43  500 
—39  500 
—35  000 
—30  400 
—25  300 
—19  700 
—14  000 
—10  000 

—  6  000 

—  2  200 
+  1000 
+  4  500 
+  8  000 
+11500 
+15  000 
+16  000 

* 

—94  600 
—93  290 
—91  975 

—  90  670 
—89  350 
—88  040 
—86  725 
—85  420 
—84  100 
—82  ti40 
—81  175 
—80  020 
— 7M  850 
—77  541) 
—76  225 
—74  920 


0.0020 
0.0040 
0.0064 
0.0088 
0.0104 
0.0124 
0.0144 
0.0168 
0.0184 
0.0200 
0.0220 
O.C240 
0.0265 
0.0290 
0.0305 
0.0324 
0.0344 
0.0368 
0.0400 
0.0432 
0.0480 
0.0.528 
0.0580 
0.0632 
0.0697 
0.0752 
0.0826 
0.0900 
0.0975 
O.IOUO 
0.1054 
0.1104 
0.1144 
0.1184 
0.1224 
0.1264 
0.1304 

0.1344 
0.1372 
0.1400 
0.1432 
0.14K4 
0.1492 
0.1620 
0.1.540 
0  1560 
0.1572 
0.1581 
0.1608 
0.1632 
0.1652 
0.1G72 
0.1676 


03  '^ 

•-  ts  I 

S^  + 


95  635 

95  273 
94  909 
94  545 
94  182 
93  675 
93  287 
92  900 
92  512 
92125 
91  737 
91  350 
90  962 
90  575 
90  187 
89  800 
89  412 
89  075 
88  640 
88  250 
87  826 
87  475 
87  090 
86  700 
86  312 
85  925 
85  537 
85  150 
84  762 
84  375 
><3  987 
83  600 
83  170 
82  825 
82  437 
82  050 
81540 

80  420 
79  230 
78  035 
76  850 
75  650 
74  460 
73  270 
72  080 
70  890 
69  500 
68  320 
67  225 
66  120 
04  9:10 
63  740 
62  550 


a  c  S 
i  S  I 


94  365 
92  727 
91091 
89  455 
87  818 
86  275 
84  486 
82  640 
80  710 
78  834 
77  130 
75  425 
73  510 
71590 
69  670 
67  7.50 
65  220 
63  910 
62  000 
60  075 
57  730 
54  700 
52  4H0 
49  338 
46  133 
42  620 
38  800 
34  925 
32  090 
29  250 
26  535 
24  190 
21660 
19  125 
16  690 
14  063 
13  060 

12  675 

12  290 

11900 

11510 

11125 

10  740 

10  350 

9  960 

9  576 

9  190 

8  800 

8  410 

8  025 

7  640 

7  250 

6t!60 


1230.8 
643.7 
455.5 
349.1 

26S.6 
243.1 


96.4 


81.2 
77.8 
73.5 
71.3 


65.9 


61.2 
69.8 


68.6 
58.1 
68.0 


57.7 
57.5 


68.6 
63.8 
66.0 
C8.3 
70.6 
71.6 
76.7 
79.0 
82.1 
85.1 
88.0 
91.1 
95.3 
99.3 
102.4 


4.0 
4.4 
4.8 
4.9 
4.8 
4.8 


4.8 


6.3 
5.4 
5.6 
5.7 


6.0 


6.3 
6.5 


7.0 
7.1 
7.2 


7.5 
7.6 


8.0 
8.4 
8.7 
8.9 
9.1 
9.3 
9.6 
9.9 


10.0 
10.6 
10.9 
11.2 
11.6 
11.7 
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TABLE  No.  'd—{Continuecf). 


3 

EC 

Strains  at  the  mid- 
dle of  the  pillar 
at  extradoB  to*, 
afterward  at  in- 
trados. 

1 

a 

iU 

III 

22  1 

Radius,  R. 

42  000 

—73  600 

0.1680 

61350 

6  475 

106.5 

11.9 

41000 

—72  290 

0.1692 

60  165 

6  090 

112.1 

la.s 

40  000 

—70  975 

0.1704 

58  970 

5  700 

115.7 

13.6 

39  000 

—69  700 

0.1720 

57  800 

5  310 

120.6 

ia.8 

38  000 

-68  350 

0.1736 

56  590 

4  925 

125.7 

13.2 

37  000 

—66  010 

0.1760 

54  790 

4  540 

134.4 

13.8 

36  000 

—65  725 

0.1784 

54  200 

4  150 

137.0 

14.0 

35  000 

—64  420 

0.1808 

53  020 

3  760 

143.0 

14.4 

34  000 

—63  100 

0.1824 

51820 

3  375 

149.6 

14.7 

33  000 

—61790 

0.1856 

60  630 

2  990 

156.1 

15.2 

32  000 

—60  475 

0.1fc88 

49  440 

2  600 

164.4 

16.6 

31000 

-59  170 

0.1928 

48  250 

2  210 

172.1 

16.4 

30  000 

—57  8.50 

0.1968 

47  060 

1  825 

179.1 

16.8 

29  000 

—56  540 

0.-.004 

45  970 

1440 

187.0 

17.0 

28  000 

—55  230 

0.2044 

44  730 

1  050 

196.2 

17.8 

27  000 

—53  920 

0.2084 

43  490 

660 

205.4 

18.6 

26  COO 

—52  600 

0-2128 

42  290 

375 

215.1 

19.1 

25  00O 

—51300 

0.2192 

41110 

112 

224.4 

19.8 

24  000 

—50  000 

0.2256 

39  920 

500 

234.2 

30.6 

2b  000 

—48  500 

0.2336 

38  620 

890 

245.2 

31.4 

22  000 

—47  000 

0.2416 

37  090 

1  275 

260.0 

22.4. 

21000 

—46  COO 

0.2504 

36  310 

1660 

269.0 

23.2 

20  000 

—45  000 

0.2592 

35  310 

2  050 

276.0 

23.9 

19  000 

—44  250 

0.2708 

34  460 

2  470 

282.3 

24.7 

18  000 

—43  500 

0.2824 

33  620 

•     2  825 

290.6 

36.6 

17  000 

—42  550 

0.2980 

32  650 

3  210 

298.2 

26.6 

16  000 

—41  600 

0.3136 

31  680 

3  600 

806.9 

27.7 

15  000 

—40  800 

0.3316 

30  800 

3  990 

312.9 

28.8 

14  000 

—40  000 

0.3496 

29  910 

4  375 

320.4 

29.9 

13  000 

—39  000 

0.3724 

28  910 

4  762 

329.4 

31.3 

12  000 

—38  000 

0.3953 

27  910 

5  150 

338.4 

32.7 

11000 

—36  650 

0.4320 

26  710 

6  610 

330.2 

34.8 

10  000 

—35  300 

0.4688 

25  500 

6  925 

362.6 

36.9 

9000 

—33  650 

0.5128 

24  100 

6  310 

374.4 

39.9 

8000 

—32  000 

0.5568 

22  700 

6  700 

390.6 

41.7 

7  000 

—30  150 

0.6160 

21  180 

7(190 

410.1 

44.9 

6  000 

—28  300 

0.6752 

19  660 

7  475 

431.3 

48.2 

5  000 

—26  650 

0.7504 

18  260 

7  860 

448.7 

61.9 

4000 

—25  000 

0.6256 

16t«60 

8  2  J9 

473.6 

65.9 
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TABLE   No.  4. —  Breaking   Weights   of    Kound-Ended    Solid    1-In. 
Square  Wrought -Iron  Ptllars,  Loaded  in  the  Center. 

Compression,  —     Tension,  + 


J3 

* 

a 

OS 

5-5. 

ection,  S. 

a  bS 
III 

hi 

■s|t) 

bo  0)  «< 

as 

m 

a 

'•a 

4 

a 

M 

M 

fc.a  + 

P  <B    1 

^ 

2 

a 

<    "^ 

-<:    " 

52  000 

52  000 

51000 

49  900 

O.0O40 

51610 

50  330 

1  600.8 

7.1 

60  000 

47  800 

0.0080 

51225 

48  650 

827.5 

7.2 

49  000 

45  600 

0.0120 

50  840 

46  860 

658.1 

7.3 

48  000 

43  000 

0.0160 

50  450 

44  940 

424.7 

7.3 

47  000 

40  600 

0.0208 

50  030 

42  960 

351.4 

7.6 

46  000 

38  200 

0.0256 

49  675 

41  220 

310.3 

7.7 

45  000 

36  100 

0.0304 

49  290 

39  550 

285.2 

8.3 

44  000 

34  ono 

0.0352 

48  900 

37  875 

268.3 

8.6 

43  000 

31  500 

0.0428 

48  512 

35  960 

252.0 

9.2 

42  000 

28  000 

0.0504 

48  125 

33  425 

337.7 

9.7 

41000 

25  000 

0.0600 

47  740 

31200 

230.6 

10.5 

40  000 

20  500 

0.0696 

47  350 

28  160 

222.9 

11.1 

39  000 

15  000 

0.0788 

46  960 

24  300 

218.8 

11.7 

38  000 

4  000 

0.0890 

46  575 

12  275 

199.0 

11.8 

37  000 

12  000 

0.0996 

46  190 

6  999 

195.9 

12.2 

36  000 

16  000 

0.1112 

45  800 

4  150 

197.7 

13.2 

35  000 

19  600 

0.1228 

45  410 

1  430 

199.5 

14.0 

34  000 

22  000 

0.1344 

45  025 

300 

202.4 

14.7 

33  000 

24  000 

0.1488 

44  640 

2  910 

204.4 

14.7 

32  000 

25  500 

0.1632 

44  250 

3  220 

210.0 

16.5 

31000 

27  000 

0.1812 

43  860 

4  525 

213.8 

17.6 

30  000 

28  000 

0.1992 

43  475 

5  525 

218.8 

18.6 

29  000 

29  400 

0.2164 

43  000 

6  770 

226.3 

19.7 

2S000 

30  000 

0.2336 

42  700 

7  525 

227.8 

20.6 

27  000 

31000 

0.2522 

42  310 

8  625 

232.1 

21.6 

26  000 

31  500 

0.2708 

41925 

9  220 

237.7 

22.7 

25  000 

31  750 

0.2952 

41540 

9  760 

248.6 

24.0 

21000 

32  000 

0.3169 

41  1.50 

10  300 

249.3 

25.1 

23O0O 

32  250 

0.3440 

40  760 

10  840 

255.3 

26.6 

22  000 

32  500 

0.3684 

40  375 

11380 

261  3 

27.7 

21  000 

33  000 

0.3932 

39  990 

12  075 

267.0 

28.9 

20  000 

33  500 

0.4180 

39  600 

12  770 

271.3 

30.1 

19  000 

33  750 

0.4462 

39  210 

13  310 

279  7 

31.6 

18  000 

34  000 

0.4744 

38  825 

13  850 

285.3 

32.9 

17  000 

34  500 

0.5299 

38  440 

14  240 

292.2 

35.1 

16  000 

35  000 

0.5855 

38  0.50 

15  240 

297.3 

37.3 

1.1000 

35  500 

0.6419 

37  660 

15  930 

302.7 

39.4 

14  000 

36  000 

0.6983 

37  275 

16  626 

308.3 

41.5 

13  000 

36  500 

0.7503 

36  890 

17  320 

311.0 

43.2 

12  000 

37  (XKJ 

0.8023 

36  500 

18  010 

319.2 

45.2 

11  000 

37  500 

0.8934 

36  110 

18  700 

326.4 

48.2 

10  000 

38  000 

0.9846 

35  725 

19  400 

330.0 

50.9 

9000 

38  300 

1.0374 

35  340 

19  970 

834.2 

62.6 

8000 

38  600 

1.0902 

34  950 

20  540 

340.0 

64.4 

7  000 

39  300 

1.3979 

34  560 

21360 

343.4 

62.0 

6  0O0 

40  000 

1.7056 

34  175 

22  175 

346.2 

68  7 

6  000 

40  750 

2.2910 

33  790 

23  020 

348.9 

80.0 

4000 

40  500 

2.7526 

33  400 

23  870 

351.8 

88.0 
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TABLE  No.  5. — Eccentric  Beeaktsg  Loads  for  Yakious  Eccen- 
tricities (fi  =  A  Fraction  of  the  Diameter)  of  EorND-ENT)ED 
Solid   1-In.    Square  Cast-Iron  Ptllars. 

T—6nW 


TT^i 


^( 


W—  T—6n  TF> 


+  TW-\- 


W- 


_a 
1^' 

►4 

Breaking  loads  for— 

.o  m' 

.a 

•s-S 

a) 

£  o 

H 

h^l 

»i  =  0.1. 

n  =  0.3. 

n  =  0.5. 

n  =  0.7. 

n  =  1.0. 

84  000 

5.0 

46  500 

13  840 

7  040 

4  640 

3  060 

72  000 

6.0 

45  130 

13  260 

7  000 

4  590 

3  040 

62  000 

7.0 

41  500 

12  670 

6  760 

4  530 

3  010 

56  000 

8.0 

36  680 

12  260 

6  650 

4  480 

3000 

60  000 

9.1 

30  350 

11800 

6  530 

4  430 

2  980 

45  000 

10.1 

27  850 

11360 

6  400 

4  380 

2  950 

41000 

11.1 

25  930 

10  970 

6  290 

4  330 

2  930 

37  000 

12.3 

23  800 

10  540 

6  150 

4  270 

2  900 

35  000 

13.0 

22  680 

10  310 

6080 

4  250 

2«80 

32  000 

14.3 

21150 

10  000 

6000 

4200 

2880 

30  000 

15.3 

20  000 

9  670 

5  860 

4130 

2  840 

27  000 

17.0 

18  350 

9  220 

5  700 

4  050 

2  800 

24  000 

19.4 

16  600 

8  770 

5  470 

3  960 

2  760 

21000 

21.5 

14  920 

8  190 

5  300 

3  940 

2  710 

17  000 

25.3 

12  500 

7  360 

4  950 

3  660 

2  620 

13  000 

30.1 

10  000 

6  350 

4  470 

3  410 

2  500 

10  000 

35.0 

8  000 

5  430 

4  000 

3  120 

2  340 

6000 

50.0 

4  350 

3  000 

2  700 

2  160 

1860 

TABLE  No.  6. — Eccentric  Breaking  Loads  for  Various  Eccen- 
tricities {n  =  A  Fraction  of  the  Diameter)  of  Eound-Ended 
Solid   1-Ls'.  Square  Wrought-Ikon  Pillars. 


---sl( 


C-f  W+6a  W^ 


CTF+ 


GD 

a 

Ifc- 

•"j 

Breaking  loads  for— 

p: 

J3 

"3; 

a 

a 
o 
O 

I-) 

n  =  0.1. 

n  =  0.3. 

n  =  0.5. 

n  =  0,7. 

n  =  1.0. 

49  000 

7.0 

23  930 

17  960 

11860 

8  650 

6  660 

40  000 

10.0 

22  170 

13  860 

10  310 

8  270 

6  3C0 

36  000 

12.1 

21  180 

13  400 

10  000 

8  100 

6  290 

30  000 

16.3 

19  340 

12  650 

9  672 

7  790 

6  100 

25  000 

20.6 

17  430 

11800 

9  100 

7  460 

5  980 

21000 

24.6 

15  600 

10  930 

8  670 

7090 

5  640 

18  000 

28.4 

14  020 

10  150 

8  070 

6  740 

5  430 

16  000 

31.3 

12  470 

9480 

7  120 

6  460 

5  240 

14  000 

34.8 

12  090 

8  840 

6  930 

6  100 

5  030 

12  000 

38.3 

10  240 

8  060 

6  690 

5  740 

4  710 

10  000 

43.9 

8  780 

7140 

6000 

6  270 

4  420 
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TABLE   No.  7  A. — A  Round-Ended  Solid  1-In.   Square  Cast-Iron 

Pillar.      W  =  48  000  Lbs.,  R  =  67.7  Ins.,  5  =  i    When  Loaded 

b 

IN  the  Center  with  Various  Weights  TF,  <^  W. 


Bending 
weights, 

yv 

X. 

pX. 

Rx 

Si 

Compres- 
sion due  to 
bending 

6 

moment. 

48  000 

1.00000 

48  000 

29  400 

67.7 

0.16666 

0.16666 

8000 

44  000 

.86745 

41637 

25  500 

88.2 

0.12812 

0.10000 

5  637 

40  000 

.70679 

33  926 

20  780 

124.9 

0.09047 

0.05384 

3  620 

39  070 

.6742 

32  360 

19  820 

135.4 

0.08333 

0.04065 

3  256 

36  000 

.55961 

26  860 

16  352 

185.2 

0.06100 

0.02700 

2  200 

32  000 

.44134 

21800 

12  975 

278.4 

0.04059 

0.01300 

1300 

28  000 

.33555 

16  106 

9  855 

442.8 

0.02552 

0.00600 

714 

24  000 

.23979 

11510 

7  050 

690.0 

0.01655 

0.00460 

397 

20  000 

.17986 

8  613 

5  296 

977.7 

0.01155 

0.00177 

231 

16  000 

.12949 

6  215 

3  807 

1  418.5 

0.00800 

0.00090 

128 

12  000 

.08914 

4  280 

2  620 

2  157.6 

0.00528 

0.00046 

63 

8  000 

.05913 

2  790 

1  710 

3  458.0 

0.00330 

0. 00015 

26 

4000 

.02787 

1338 

820 

7  300.0 

0.00155 

0.00004 

6.2 

1000 

.00681 

327 

200 

31  232.0 

0.00036 

0.00000 

0.36 

At  the  breaking  point  the  deflection  is  0.16666 ;  hence  the  bending  moment  is  48  000 
X  0.1666  =  8  000.  To  bend  the  pillar  to  half  the  breaking  deflection,  the  bending  weight 
is  39  070  lbs.,  and  the  bending  moment  3  256  lbs.  An  endwise  compression  of  24  000  lbs. 
(one-half  the  breaking  weight)  results  in  a  deflection  of  0.01655,  about  yV  of  the  breaking  de- 
flection and  the  bending  moment  is  24  000  X  0.01655  =  397,  or  about  the  twentieth  part  of 
the  bending  moment  at  the  breaking  point. 

When  the  load  is  16  000  lbs.  the  deflection  is  reduced  to  0.008,  and  the  bending  mo- 
ment is  16  000  X  0.008  —  128  lbs.,  about  the  sixtieth  part  of  the  bending  moment  at  the 
point  of  breaking.  It  may  be  observed  here  that  the  resistance  to  bending  in  this  case 
being  six  times  the  bending  moment,  6  X  128  =  768  lbs.,  hence  the  strain  at  the  intrados  is 
IG  768  lbs.,  consisting  of  the  strain  caused  by  resistance  to  the  bending  moment  and  that  of 
vertical  compression  caused  by  the  bending  weight. 
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TABLE  No.  7  B. — A  Solid  Kouxd-Ended  1-Is.  Squ.u^e  WRoroHT-lBON 
Ptllab,  19.6  Ins.  Long,  Loaded  in  the  Centek  with  Various 
Weights  W,  <  IF. 


w. 

L. 

i« 

P^. 

X. 

8. 

26  000 

19.6 
21.4 

374.16 

457.96 

15  926 
13  010 

26  000 
21240 

0.16666 

24  000 

0.81701 

0.10300 

22  000 

23.5 

552.25 

0.67752 

10  790 

17  600 

0.07224 

20  000 

25.8 

665.64 

0.56210 

8  950 

14  610 

0.04758 

18  000 

28.4 

806.56 

0.46389 

7  390 

12  060 

0  03568 

16  000 

31.3 

979.69 

0.38202 

6  080 

9  932 

0.02900 

UOOO 

34.8 

1211.04 

0.30895 

4  920 

8  030 

0.02292 

12  000 

38.8 

1  505.44 

0.24854 

3  960 

6  460 

0.01828 

10  000 

43.9 

1  927.21 

0.19414 

3  090 

5  040 

0.01305 

8  000 

50.0 

2  500.00 

0.14096 

2  240 

3  670 

0.00900 

6  000 

59.6 

3  552.16 

0.10533 

1670 

2  744 

0.0O406 

4  000 

74.4 

5  535.36 

0.06760 

1  120 

1760 

0.00112 

2  000 

100.7 

10140.00 

0.03689 

587 

960 

0.00091 

TABLE  No.  7a. — If  a  SoiiiD  1-In.  Square  Cast-Iron  Ptllar  is  Loaded 
IN  Center  with  Weights  Varying  from  48  000  Lbs.  (its  Breaking 
Weight)  to  24  000  Lbs.  ,  .vnd  if  by  Any  of  These  Loads  it  were 

Bent  to  One-Half  its  Breaking  DEFiiECTioN  on  the  Assumption 

,§ 1Y 

that     -— ^r^T— ^  =  (5,,  THEN    ;? —   Wi    AVILIi     GiVE   A   RaDIUS   GrEATER 
b    J  F  J 

THAN  Ri  =  135.4.     Hence  X  >  S  —  IF,,  and  there  is  a  Hori- 
zontal Shifting  of  the  ParticijES  Composing  the  PinLAR. 


^x 

S. 

s—  »r. 

p{S-  W,) 

R. 

48  000 

72  000 

24  000 

14  600 

140.3 

44  000 

66  000 

22  000 

13  475 

172.7 

40  000 

60  000 

20  000 

12  250 

219.5 

36  000 

54  000 

18  000 

11025 

286.8 

32  000 

48  000 

16  000 

9  800 

381.1 

28  000 

42  000 

14  000 

8  675 

514.9 

24  000 

36  000 

12  000 

7  300 

664.8 
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TABLE   No.  8. — Safe   Loads  of  Round-Ended   Solid   1-In.    Square 

CaST-IkON    PuLIiARS   LoADED   IN   THE   CeNTEK.       MaXIMUM    StKAEN   = 

2  670  Lbs.   Tension,  16  000  Lbs.   Compression.      Given   fob   all 
PHiLAB  Lengths,  both  in  DiAiiETERS  and  Radh  of  Gyration. 


To  find  the  safe  load  (£,».)  for  eccentric  loads. 

Let  centric  safe  loads  be  Li  and  eccentric  safe 
loads  //i8. 

Let  centric  breaking  weights  be  IF  and  ec- 
icentric    breaking    weights    he    W^,  then   L^t : 

li«=  Tri:.irandi,.= 


15  000 
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TABLE  Xo.  9. — Safe  Loads  of  Eor>rD-ExDKD  Solid  1-In.  SqrAKE 
Wrought-Ibon  PrLKAEs,  Loaded  rs  the  Centee.  Maximum  Strain 
=  12  000  Lbs.  for  all  Pillar  Lengths  Giten  in  Diameters  and 
IN  Eadii  of  Gyration.  Forsitla  for  Eccen-tric  Safe  Loads  in- 
Table  Xo.  8. 


II 

Lengths  In  radii 
'  of  gyration. 

1 

OQ 

a 
n 

5g 

.a  » 

II 

as 

m 

1 

1 

CD 

a 

1 

n 

10.0 

34.6 
36.4 
38.1 
40.2 
41.5 
45.0 
46.8 
48.4 
61.9 
54.0 
66.4 
56.5 
68.8 
59.2 
62.3 
64.8 
65.8 
67.7 
69.2 
71.0 
72.7 
74.1 
76.2 
78.0 
79.6 
81.7 
84.1 
86.2 
87.6 
90.0 
93.6 
98.7 
96.9 
9K.4 
100.4 
102.7 
103.9 
107.3 
108.4 
110.8 
114.3 
117.7 
120.5 
121.2 
124.7 
127.1 
128.1 
131.6 
184.4 
186.0 
138.6 
143.0 

11810 

11800 

11800 

11800 

11790 

11750 

11700 

11700 

11600 

11550 

11520 

11500 

11400 

11390 

11200 

11  110 

10  900 

10  720 

10  600 

10  400 

10  200 

10  060 

9  850 

9  700 

9  550 

9  250 

9  150 

8  990 

8880 

8600 

8  350 

8  320 

8  070 

7960 

780O 

7600 

7  520 

7300 

7200 

7000 

6  780 

6  560 

6340 

6290 

6090 

6900 

6820 

5  6.^0 

6  470 
6  420 
6  210 
6  020 

41.3 
42.0 
43.0 
43.9 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
60.0 
61.0 
52.0 
53.0 
64.0 
54.5 
55.0 
56.0 
57.0 
68.0 
59.0 
69.6 
60.0 
61.0 
62.0 
63.0 
64.0 
65.0 
65.7 
66.0 
67.0 
68.0 
69.0 
70.0 
71.0 
72.0 
73.0 
74.0 
75.0 
76.0 
77.0 
78.0 
79.0 
80.0 
81.0 
82.0 
83.0 
84.0 
85.0 
86.0 
87.0 
88.0 
89.0 
90.0 

143.1 
145.4 
148.8 
152.0 
162.4 
155.8 
159.3 
162.8 
166.2 
169.7 
173.2 
176.6 
180.1 
183.5 
187.0 
188.8 
190.3 
193.8 
197.4 
200.9 
204.3 
206.3 
207.8 
211.3 
214.7 
218.2 
221.7 
224.9 
227.6 
228.6 
232.1 
235.6 
239.0 
242.6 
246.9 
249.4 
262.0 
266.3 
269.8 
263.3 
266.7 
270.2 
273.7 
277.1 
280.6 
284.0 
284.0 
290.9 
294.4 
297.9 
301.3 
304.8 
308.2 
311.7 

4  970 
4  850 
4  650 
4  470 
4  450 
4  280 
4110 
3  950 
3  880 
3  650 
3  500 
3  380 
3  240 
3  100 
3  000 
2  950 
2900 
2  770 
2  630 
2  650 
2  470 
2  430 
2400 
2300 
2  200 
2  120 
2  070 
2  020 
1990 
1980 
1900 
1850 
1800 
1  770 
1730 
1  700 
1650 
1600 
1550 
1500 
1450 
1400 
1350 
1300 
1260 
1200 
1250 
1  100 

loeo 

1000 
950 
900 
860 
800 

11  000 

10  5 

39  000 

11.0 

11.6 
12.0 

37  000 

10  000 

13.0 

13  5 

34  000 

U.O 

9000 

16.0 

16  6 

31000 

16.0 

16  3 

30  000 

17.0 

17  1 

29  000 
28  000 
27  000 

18  0 

18.7 
19.0 

7  000 

19  6 

26  000 

20.0 

20.6 
21.0 

25  000 

21.4 

6000 

22.0 

22.6 

23  000 

23.0 

23  6 

22  000 

24.0 

24  6 

21000 

25.0 

5000 

26  0 

20  000 

27.0 

27  1 

19  000 

28.0 

28  4 

18  000 

29.0 

29  7 

17  000 

80.0 

81.0 

31  3 

16  000 

32.0 

83  0 

16  000 

34.0 

34.8 

14  000 

36.0 

36.0 

86.7 
87.0 

13  000 

88.0 

88  8 

12  000 

89.0 

40.0 

41.0 

' 
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TABLE  No.  10. — Compression  of  Common  Haed  Brickwork  in  Ac- 
cordance WITH  Experiments  at  the  Watertown  Arsenal. 
Modulus  of  Elasticity  =  160,000  Nearly. 


Weights.    Pounds 

Compression.   In  parts 

Weights.     Pounds 

Compression.    In  parts 

per  square  inch. 

of  unity. 

per  square  inch. 

of  unity. 

50 

1100 

0.00f)80 

100 

0.00122 

1150 

0.00722 

150 

0.00164 

1  200 

0.00764 

ioo 

0.00200 

1250 

0.00783 

250 

0.00233 

1300 

0.00813 

300 

0.00267 

1350 

0.00855 

350 

0.00300 

1400 

0.00892 

400 

0.00327 

1450 

0.00900 

450 

0.003.'i2 

1500 

0.00928 

500 

0.00379 

1650 

0.00946 

550 

0.00410 

1600 

0.00960 

600 

0.00437 

1650 

0.01000 

650 

0.00457 

1700 

0.01013 

700 

0.00479 

1750 

0.01031 

750 

0.00505 

1800 

0.01056 

800 

0.00531 

1860 

0.01108 

850 

0.00566 

1900 

0.01116 

900 

0.00590 

1950 

0.0U47 

950 

0.00619 

2000 

0.01171 

1  000 

0.00631 

2  060 

0.01204 

1050 

0.00660 

2100 

0.01238 

TABLE  No.  11. — Piers  or  Walls  op  Common  Hard  Brick  laid  in 
best  Rosendale  Cement  with  2  Parts  of  Sand,  or  in  Portland 
Cement  with  3  Parts  of  Sand. — Maximum  Strain  for  Safe 
Loads,  300  Lbs. 


Breaking 
weight. 

Leugth. 

L^ 

5 

Safe  load. 

«i 

2  000 

0.0 

0.00 

0.00000 

300 

0.00000 

1900 

9.5 

90.25 

0.00868 

297 

0.00066 

1800 

9.8 

96.04 

0.01847 

295 

0.00278 

1  700 

10.1 

102.01 

0.03000 

290 

0.00600 

1  600 

10.4 

108.16 

0.04160 

285 

0.00700 

1500 

10.8 

116.64 

0.05600 

280 

0.01040 

1400 

11.1 

123.21 

0.07124 

275 

0.01405 

1300 

11.6 

134.56 

0.09000 

270 

0.01870 

1  200 

12.0 

144.00 

0.11080 

260 

0.02510 

1100 

12.3 

151.29 

0.16000 

250 

0.03160 

1000 

13.2 

174.24 

0.16666 

240 

0.04119 

900 

14.0 

196.00 

0.16666 

225 

0.04119 

800 

15.0 

225.00 

0.16666 

200 

0.04119 

700 

16.0 

256.00 

0.16666 

175 

0.04119 

600 

17.0 

289.00 

0.16666 

150 

0.04119 

600 

18.7 

349.69 

0.16666 

125 

0.04119 

4U0 

21.0 

441.00 

0.16666 

100 

0.04119 

300 

24.4 

695.36 

0.16666 

75 

0.04119 

200 

29.6 

876.16 

0.16666 

60 

0.04119 

100 

42.0 

1764.00 

0.16666 

25 

0.04119 

For  eaodstone  safe  loads  may  be  increased  by   0  —  40  per  cent. 
"    granite  "  "  "  60—160        " 

"    marble  ••  "  "  40  — IdO 

"    limestone     "  "  "  10  —  26 
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TABLE  No.  12. — Yellow  Pine,  Squake  Wooden  Posts,  Straight 
Grained,  Perfectly  Dry  and  Loaded  in  the  Centek. — When 
NOT  Dry,  One- Half  the  Safe  Load  to  be  Taken. — Maximum 
Strain  for  Safe  Loads,  800  Lbs. 


Length  in 
diameters. 

Breaking 
weight. 

Deflection. 

Safe  load. 

Deflection. 

Safe  load. 

Safe  load. 

0 

8  000 
7  800 
6  875 
6  076 
6  425 
4  900 
4  400 
3  975 
3  650 
3  325 
3  050 
2  825 
2  625 
2400 
2  260 
2  075 
1950 
1400 
1100 
875 
700 
575 
500 

.'00428 
.02727 
.05281 
.07910 
.10544 
.13636 
.16834 
.20000 
.21158 
.27050 
.30531 
.34127 
.39000 
.42600 
.47590 
.51710 
.78571 
1.0454 
1.2810 
1.7380 
2.1521 
2.5 

800 
795 
790 
770 
755 
720 
695 
675 
650 
025 
605 
580 
555 
630 
505 
475 
460 
350 
290 
240 
200 
165 
135 

."ooio 

.0040 
.0075 
.0125 
.0175 
.0225 
.0300 
.0375 
.0450 
.0550 
.0650 
.0750 
.0850 
.0975 
.1100 
.1225 
.1975 
.2900 
.3900 
.4975 
.61.50 
.7300 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

540 
460 
400 
320 
250 
220 
190 
90 

to 

30 

20 

10 

5 

26 
26 

27 

28 

29 
30 
S5 
40 
45 
60 
66 
60 

460 
376 
160 
90 
60 
40 
30 
20 
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DISCUSSION. 


George  H.  Thomson,  M.  Am.  See.  C.  E. — The  aiitlior  states  early  Mr.  Thomson, 
in  the  paper  that  "  it  is  reasonable  to  assume  that  at  the  intrados  of 
the  pillar  at  the  point  of  greatest  deflection  a  strain  has  been  set  up 
which  is  as  great  as  the  stress  causing  ruptui*e  in  a  specimen  of  tee 
material,  the  height  or  vertical  length  of  which  specimen  does  not  ma- 
terially exceed  its  smallest  diameter."  While  it  may  be  reasonable  to 
assume  this,  the  validity  of  the  assumi)tion  is  questionable.  The 
speaker  did  not  care  to  deny  it,  because  of  the  logical  fact  that  from 
the  denial  of  an  antecedent  nothing  follows,  but  he  believed  that  its 
negation  was  conceivable. 

Walter  G.  Berg,  M.  Am.  Soc.  C.  E. — Any  attempt  to  obtain  the  Mr.  Berg, 
true  column  formula  should  be  welcomed  by  engineers,  architects 
and  designers,  whether  working  in  iron,  steel,  timber  or  other  struc- 
tural materials,  and  the  author  deserves,  therefore,  the  thanks  of  the 
profession  for  his  efforts  to  contribute  to  the  subject.  The  deduction 
of  a  true  column  formula  is  one  of  the  most  complex  problems  in 
applied  mechanics.  The  search  for  it  is  an  attractive  and  alluring 
study,  but  it  will  probably  prove  as  futile,  in  the  sense  of  arriving  at 
an  absolutely  final,  theoretical  sohition  of  the  question  as  the  attempt 
to  solve  the  perpetual-motion  i^roblem.  When  the  fact  is  generally 
recognized  that  the  subject  is  beyond  the  bounds  of  sti'ictly  theoretical 
investigations,  then  engineers  will  have  advanced  a  great  step  in  the 
matter.  They  will  abandon  deductive  reasoning,  and  confine  them- 
selves to  inductive  methods.  All  their  energies  will  be  concentrated 
on  physical  tests  as  the  basis  of  ennnrical  formulas,  which  will  become 
practically  scientifically  accurate  as  the  number  and  value  of  reliable 
test  results  increase.  This  method  is  in  perfect  harmony  with  the 
general  trend  of  column-formula  investigations  during  the  last  cen- 
tury. Starting  with  the  theoretical  expressions  of  Euler  and  Tred- 
gold,  there  has  been  a  constant  endeavor  to  extend  and  improve  them 
by  establishing  coefficients  to  accord  ^^'ith  additional  test  results  as 
fast  as  olitaiued. 

The  author  presents  apparently  theoretical  formulas,  but  which, 
in  fact,  are  premised  on  certain  assumptions  as  to  the  physical  be- 
havior of  the  material,  and  subsequently  supplemented  by  coefficients 
obtained  from  actual  tests.  The  result  is,  therefore,  a  nominally 
theoretical  solution  dependent  upon  physical  assumptions  and  results 
from  practical  experience.  The  value  of  the  formulas  presented 
can  be  best  determined  by  comparing  them  with  test  results,  es- 
pecially of  full-size  i^ieces.  It  appears  from  Figs.  3  and  4  that  the 
author's  formulas  for  cast  and  wrought  iron  compare  favorably  with 
Gordon's  formulas,  and  the  restilts  of  a  limited  number  of  small-size 
tests  made  by  Hodgkinson.     This  coincidence  is  not  conclusive,  be- 


412  DISCUSSIOX    ox   THE    STRENGTH   OF    PILLARS. 

Mr.  Berg,  cause  Gordon's  formulas  were  based  chiefly  on  Hodgkinson's  work. 
It  would  be  verv  interesting  to  see  how  the  author's  formulas  would 
compare  with  the  valuable  test  results  of  iron  columns,  especially  of 
full-size  specimens,  obtained  within  recent  years. 

The  ultimate  breaking  values  for  yellow  pine  columns,  given  by 
the  author  in  Table  Xo.  12,  do  not  compare  favorably  with  the  plotted 
results  of  over  100  full-size  tests  of  yellow  pine  columns  and  of  em- 
pirical formulas  established  from  these  tests.  It  may  be  that  the 
agreement  in  the  case  of  iron  would  be  better  on  account  of  the 
greater  homogeneity  of  the  material,  but  for  yellow  pine  the  author's 
formula  fails  to  agree  with  actual  facts,  as  clearly  demonstrated  by 
Fig.  11.  This  diagram  shows  that,  as  compared  with  test  results 
and  recognized  empirical  formulas,  the  author's  values  for  yellow  pine 
are  too  low  for  very  long  columns  (which  may  be  a  good  feature),  and 
entirely  too  high  for  very  short  columns,  while  they  are  about  correct 
for  columns  between  18  and  22  diameters. 

The  author's  formula  is  TF,  =  1  740  000  -.  L-,  where  L  is  the 
length  of  the  post  in  terms  of  the  diameter  and  TF,  is  a  "weight 
less  than  the  breaking  weight."  The  values  given  in  the  second 
column  of  Table  No.  12  under  the  heading  "  breaking  weight  "  are, 
however,  based  ap^jarently  on  the  formula  quoted.  The  curve  in  the 
diagram  representing  these  values  is  hyperbolic  in  form.  The  author 
drops  the  formula  arbitrarily  at  15  diameters;  if  the  curve  is  continued 
below  15  diameters,  the  unreliability  of  the  formula  from  a  practical 
point  of  view  is  shown  by  the  fact  that  the  breaking  values  for  very  short 
posts  would  be  in  excess  of  the  crushing  strength  of  short  blocks  of 
yellow  pine.     In  other  words  the  author's  general  form  of  equation 

Breaking  weight  =  a  constant  -^  square  of  length 
is  not  in  accord  with  the  results  of  tests,  and  diifers  radically  from  all 
other  formulas  known  to  the  speaker,  which  give  when  j^lotted  either 
a  straight  line  or  a  curve  of  conchoidal  shape. 

In  the  following  formulas,  which  are  plotted  on  the  diagram,  TFis 
the  breaking  weight  in  pounds  per  square  inch. 

The  formulas  of  William  H.  Burr,  M.  Am.  Soc.  C.  E.,  are  based  on 
tests  at  the  Watertown  Arsenal  of  full-size  sticks  of  the  average  qual- 
ity in  practical  use.     They  are: 

TF  =  5  800  —  70  -^,   for  -^  >  20. 

W  =  4  400  for  -^  <  20. 

(< 

The  formula  proposed  by  James  H.  Stanwood,  Assoc.  M.  Am.  Soc. 
C  E.,  is  based  on  the  Watertown  tests  and  on  tests  of  full-size  sticks 
made  by  Prof.  G.  Lanza.      This  formula  is: 

ir  =  4  250  —  m  4 

a 
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Mr.  Berg. 


DIAGRAM   FOR  ULTIMATE   BREAKING 
WEIGHT  OF  YELLOW  PINE  COLUMNS. 

formulas: 

LEOPOLD  EIDLITZ. 
WM.H.  BURR. 
J.H.  STANWOOD. 
EDWARD  F.  ELY. 
C.SHALER  SMITH  NO.t 
C.SHALER  SMITH  NO. 2 

-^+^ HH — III     IM      C.SHALER  SMITH  N0.3 

A.L.  JOHNSON  5000  LBS. 

A.L.  JOHNSON  7000  LBS. 


rA     WATERTCWN-STRAIGHT 

'  GRAINED,  20  YEARS  SEASONED. 

CB    WATERTOWN-VERY  GREEN 
AND  WET. 

O        WATERTOWN-AVERAGE 

STICKS. 
Q        WM.H.  BURRS  AVERAGES  OF 

WATERTOWN  TESTS, 
«        FORESTRY  DIVISION,  DEPT. 
OF  AGRICULTURE. 


Fio.  II. 


414  DISCUSSIOX    ox   THE    STREXGTH    OF    PILLARS. 

Mr.  Berg.  Prof.  Edward  F.  Ely's  rule  based  ou  the  Watertown  tests  gives  a 
series  of  averages  between  various  limiting  ratios  of  length  to  diam- 
eter.    These  averages  are  as  follows; 

Ratio  0-15        15-30        30-40        40-45        45-50        50-60 

W 4  000        3  500        3  000         2  500         2  000         1  500 

The  formulas  of  the  late  C.  Shaler  Smith,  M.  Am.  Soc.  C.  .E., 
which  are  really  Gordon's  formula  with  the  coeflScients  established 
from  a  series  of  over  1  200  tests  of  full-size  sticks  made  by  Mr.  Smith 
in  1861-62,  are  plotted  on  the  diagram  as  follows: 

No.  1.  For  green,  half-seasoned  sticks,  answeringto  the  specification 
"  good  merchantable  lumber." 

5  400 


W  = 


1+    '' 


250  <r- 

No.   2.  For  selected  sticks,  reasonably  straight  and  au'-seasoned 
under  cover  for  two  years  and  over.  ^ 

8  200 


TT' 


1+  '' 


300  d- 

No.  3.  For  average  sticks  cut  from  lumber  which  had  been  in  open- 
air  service  for  four  years  and  over. 

5  000 


FF  = 


1+  '' 


250  d^ 

Mr.  Smith  recommended  the  third  formula  for  general  use,  and  it 
was  employed  in  preparing  the  tables  for  yellow  pine  posts  in 
"  Traut wine's  Engineers'  Pocketbook." 

The  formixla  proposed  by  Mr.  A.  L.  Johnson  is  based  on  tests  of 
full-size  sticks  made  by  the  Forestry  Division  of  the  United  States 
Department  of  Agriculture;  it  is  as  follows: 

W=F  (  700  4-  15  C  \ 
\700  -r  15  C  +  C-/ 
where  C  =  I  ^  d  and  F  is  the  ultimate  crushing  strength  of  the  mate- 
rial. The  results  of  the  tests  on  which  the  formula  is  l)ased  led  Mr. 
Johnson  to  assume  7  000  lbs.  per  square  inch  as  the  value  of  F,  and  the 
diagram  contains  the  curves  of  this  formula,  using  both  7  000  and  5  000 
lbs.  as  the  unit  base. 

The  tests  of  full-size  yellow  inne  posts  with  fiat  ends  i)lotted  in  the 
diagram  are  the  following: 

Prof.  G.  Lanza's  tests  of  seven  mill  columns. 

Tests  made  at  the  W'atertown  Arsenal  of  two  straight-grained  posts 
twenty  years  old,  and  of  three  very  green  and  wet  posts. 

Prof.  Burr's  averages  of  these  W'atertown  tests. 

The  average  results  of  tests  of  about  fifty  posts  made  for  the 
Forestry  Division  of  the  Deiiartmeut  of  Agriculture. 
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Hexky  S.  Prichaed,  M.  Am.  Soc.  C.  E. — The  author  takes  the  Mr.  Prichard. 
ground  that  "safe  loads  of  jnllars  are  not  jiroportional  to  the  break- 
ing weights,  but  must  be  referred  to  a  permissible  maximum  strain." 
To  this  view,  which  he  holds  in  common  with  a  number  of  recent 
authors,  the  speaker  had  no  objection  when  it  is  confined  to  pillars  so 
short  that  there  is  no  danger  of  failure  under  any  load  which  can  be 
regarded  as  a  reasonable  possibility,  but  precisely  because  he  agrees 
■with  the  author  that  for  columns  in  which  bending  occurs,  the  ratio 
l>etween  extreme  fiber  strains  of  different  intensities  is  not  the  same  as 
the  ratio  between  the  loads  which  produce  them,  he  protested  earnestly 
against  making  the  intensity  of  the  strain  produced,  instead  of  the 
I'elation  of  load  to  the  breaking  weight,  the  test  of  safety  for  long 
pillars.  It  is  manifestly  a  mistake  to  speak  of  a  load  as  safe  when  a 
small  increase,  something  less  than  '2o%,  will  cause  failure,  yet  if  a 
certain  limiting  intensity  of  strain,  constant  for  all  ratios  of  length  to 
radius  of  gyration,  is  made  the  sole  requirement,  such  loads  will  be 
allowed  in  many  of  the  cases  which  occur  in  practice. 

The  author  gives  Tables  Xos.  1  and  2  "  derived  from  curves  based 
ujion  the  results  of  Hodgkinson's  experiments,"  in  which  are  given 
breaking  weights  from  1  000  to  96  000  lbs.  for  cast  iron  and  from  500 
to  52  000  lbs.  for  wrought  iron,  for  pillars  1  in.  square,  and,  under  the 
heading  ' '  Compression  due  to  W, "  also  gives  the  distortions  in  terms 
of  the  lengths  of  the  columns,  corresponding  to  such  weights,  which 
show,  as  might  be  exjjected,  that  the  distortions  are  relatively  greater 
for  large  breaking  weights  than  for  small  ones.  From  this  he  con- 
cludes that  the  distortions  due  to  stresses  of  the  same  intensity  as  the 
breaking  weights  are  the  same  as  those  he  has  tabulated  for  the  break- 
ing weights,  and  that  therefore  the  distortions  are  relatively  gi-eater 
for  large  stresses  than  tor  small  ones. 

This  conclusion  is  not  a  logical  deduction  from  the  tables  cited.  A 
pillar  at  the  moment  of  failure  has  the  stress  distributed  unequally, 
and  the  distoi'tion  therefore  is  caused  by  a  varying  stress  whose  mean 
intensity  is  the  same  as  that  of  the  direct  comjiression,  that  is,  the 
total  load  divided  by  the  area.  As  in  most  cases  some  portion  of 
the  jjillar  is  strained  in  excess  of  the  elastic  limit,  and  as  the  distor- 
tion for  strain  which  is  in  excess  of  the  elastic  limit  is  kno^tii  to 
be  much  greater  relatively  than  for  strain  which  is  not,  the  natural 
inference  is  that  distortion  due  to  a  varying  stress  whose  mean  in- 
tensity is  the  quotient  of  the  total  load  divided  by  the  area  is  greater 
than  that  due  to  a  uniform  stress  whose  intensity  is  the  quotient  of 
the  total  load  divided  by  the  area. 

The  Pencoyd  experiments  and  those  made  at  Watertown  show  that 
for  wrought  iron  the  modulus  of  elasticity  is  nearly  constant  through 
a  range  of  stress  from  zero  to  the  elastic  limit.  Among  the  Pencoyd 
experiments  were  some,  made  for  the  express  purpose  of  determining 
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Mr.  Prichard.  the  elasticity  of  wrouglit  ii-on  umler  compression,  in  which  the 
specimens  were  secured  laterally  so  that  they  could  not  bend.  The 
results  of  one  of  these  tests  were  given  in  a  j^aper  by  James  Christie, 
M.  Am.  Soc.  C.  E. ,  entitled  ' '  Experiments  on  the  Strength  of  Wrought 
Iron  Struts."* 

The  author  does  not  follow  the  same  method  in  determining  the 
breaking  weight  and  the  safe  load,  and  the  methods  he  does  follow  are 
not  consistent  with  each  other.  The  force  of  this  objection  may  be 
understood  by  considering  two  metals  having  exactly  the  same  elasti- 
city, one  of  which  would  crush  at  a  strain  of  52  000  lbs.  per  square 
inch,  and  the  other  at  a  strain  of  12  000  lbs.  per  square  inch.  The  load 
which  would  cause  failure  m  the  pillar  made  of  the  weaker  metal  would 
cause  a  strain  of  12  000  lbs.  on  the  extreme  fiber  of  the  stronger  metal, 
and  would  therefore  be  for  the  stronger  metal  what  the  author  calls 
the  safe  load,  and  the  way  to  obtain  it  would  be  to  substitute  S  for  C, 
and  TF,  for  T^''in  his  formula  for  breaking  loads,  assuming  its  accuracy 
for  the  sake  of  the  argument,  and  adopting  his  notation. 

Example. — Find  the  length  of  a  1-iu.  square  pillar  when  the  maxi- 
mum extreme  fiber  strain  is  12  000  lbs.  per  square  inch  and  the  load  is 
10  000. 

_S—  Wr  __  12  000  —  10  000  _  1\ 

"^^  —     6  TTi     ~       6  +  10  000      ""30   -^ 

E  _2-  (Cp  {W,+p  iS-  TV,))  +  gp  (TF,  -p  {S  -  TT.))) 
'~2{C^{W,+p{S-  TF,))-C^,(Tr,  -p  {S-  TFO)) ^ 

_  2  —  (0.000469  4-  0.000351)  _ 
'  ~     2  (0.000469  —  0.000351)      "      ' 

L,  =  VsJTB^  =  VS  X  ^6  X  8471  =  47.5  ins (3) 

The  breaking  weight  for  this  length  by  Table  No.  2  is  between 
8  000  and  9  000  lbs.,  which  is  less  than  the  safe  load.  This  result 
points  inevitably  to  an  error,  which  the  speaker  believed  to  lie  in  the 
author's  system  and  not  in  the  reasoning  by  which  the  result  is  deduced 
from  it. 

Although  this  method  of  obtaining  the  safe  load  is  a  logical  deduc- 
tion from  the  premises  given  by  the  author,  and  although  equation  (1) 
can  be  derived  from  S  —  ir,  (1  +  6S)  given  on  page  372,  equation  (2) 
is  given  on  page  386,  and  the  same  reasoning  which  develops  L^  —  H  K  S 
on  page  382,  will  develop  equation  (3),  it  is  not  the  method  he  uses  and 
the  results  are  not  what  he  obtains. 

At  one  step  in  the  train  of  reasoning,  the  author  introduces  the 
proportional  equation  S —  TP,  :  C —  W=  TF,  E  :  W  E,,  in  which 
«S  —  ir,  is  written  in  place  of  X     If  it  is  correct  for  any  values  of  E 

*  See  Tramacliont,  Vol.  xiii,  p.  121. 
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and  El  \sliich  diflferent  materials  may  have,  it  is  con-ect  for  E  —  E^,  in  Mr.  Prichard. 
which  case  it  becomes: 

S—  Wi  :C—  Tr-_.  TTi  :  TT,  or  5  TT'—  TT'  J]\  =  CTJ',  _  TF  TF,,  or 
SW=  CWi.  Hence  the  proportion,  ,S'  :  C=  TFi  :  TF.  This  proportion 
is  at  variance  with  the  author's  remarks,*  as  follows:  "  and  it  appears 
that  the  relation  of  .S  to  C  can  be  as  the  respective  weights  TF^  to  TF 
only  on  the  assumj^tion  that  1  +  6  5i  =  1  +  6  5,  or  that  S^  =  S.  It 
seems  clear  therefore  that  safe  loads  of  jnllars  are  not  proportional  to 
their  breaking  weights."' 

This  discrepancy  results  from  the  use  of  different  methods,  not  in 
accord,  for  determining  the  breaking  weight  and  the  safe  load  as 
defined  by  the  author. 

On  the  supposition  of  a  varying  modulus  of  elasticity,  the  formulas 
which  the  author  develojjs  from  what  he  terms  the  breaking  loads 
centrally  applied,  would  have  a  dififerent  significance  from  what  he 
assumes.     To  interpret  them  correctly  the  speaker  considered  first  a 
pillar  under  the  following  conditions:  Constant  cross-section,  homo- 
geneous material,  constant  modiilus  of  elasticity,  and  an  axis  coincident 
before  deflection  with  the  line  of  thrust. 
Let  M  =  the  bending  moment. 
L  =  the  length. 
E  =  the  modulus  of  elasticity. 
/   =  the  moment  of  inertia. 
d    =  the  deflection. 
W=  the  load  which  will  just  maintain  the  pillar  in  equilibrium 

when  the  deflection  at  the  center  is  S. 
F  =  a  factor  which  is  constant  for  given  conditions  of  loading 
and  end  connections. 

The  general  equation  for  deflection  is  <5  =  V.  . .  j- (J:) 

M      =      Wd (5) 

'        =     -FE-I    ^'^ 

W6  =  S^ov  TF=^^ (7) 

This  is  Ealer's  e;iuatiou,  and  as  he  has  shown  that  for  a  column 
with  hinged  ends  F  =  tt',  it  can  be  written 

w  =.  4?^-- ^^^ 

Let  Wi  be  any  load  less  than   \V, 

Wo         "         "    greater  than  TF 
It  is  apparent  from  equations  (6)  and  (7): 

•  See  page  372. 
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Mr.  Prichard  First. — The  load  TFwill  maintain  the  column  in  equilibrium  under 
any  deflection. 

Second. — If  TFi  is  substituted  for  W  the  deflection  will  become 
zero. 

Third. — If  TTj  is  substituted  for  W  the  deflection  will  increase 
until  the  elastic  limit  is  reached,  which  is  the  beginning  of  failure. 

If  E  should  gi-ow  less  as  the  strain  increased,  in  the  ratio  assumed 
by  the  author,  it  would  not  afiect  the  accuracy  of  the  deduction  that 

_2    El   r 

any  load  TFi  < — f^-    would   produce   no   deflection,    but  it   would 

affect  the  deduction  that  IFAvould  maintain  the  jjillar  in  equilibrium 
for  any  deflection,  as  the  bending  moment  would  no  longer  be  simply 
W  d,  but  would  be  increased  by  the  shifting  of  the  axis  caused  by  the 
different  values  of  E  on  the  concave  and  convex  sides  of  the  pillar. 

Under  these  conditions  a  smaller  load  than  that  required  to  start 
deflection  will  maintain  the  pillar  in  equilibrium  for  a  given  deflection, 
if  such  deflection  has  already  been  produced,  and  it  is  for  these  loads 
under  the  supposition  of  a  varying  modulus  of  elasticity  that  the 
author's  formulas  deduce,  approximately,  the  deflections  and  lengths. 

The  difference  between  the  actual  conditions  met  with  in  practice 
and  the  ideal  ones  assiimed  as  the  basis  of  formulas  (6),  (7)  and  (8) 
has  a  marked  influence  on  the  behavior  of  pillars,  and  this  fact  shoiild 
be  considered  in  i^roportioning  them. 


CORRESPONOENCK. 


Mr.  Morison.  Geoege  S.  MoBisoN,  Past-President  Am.  Soc.  C.  E. — The  paper  is 
valuable  for  its  suggestions  rather  than  for  its  conclusions.  The  as- 
sumption that  failure  always  occurs  because  some  portion  of  the  ma- 
terial in  a  pillar  is  strained  beyond  its  ultimate  strength  is  not  correct. 
Neither  is  the  assumption  that  the  extreme  local  strain  is  reached  by  a 
combination  of  direct  compressive  strains  and  bending  strains  always 
correct.  The  destruction  of  compression  members  is  occasioned  by  a 
great  variety  of  causes,  in  which  the  distortion  of  material  when  strained 
beyond  the  elastic  limit  iisually  plays  a  greater  part  than  the  ultimate 
strength  of  the  metal.  A  pillar  will  be  ci'ippied  when  some  portion  of 
its  material  has  been  strained  beyond  the  elastic  limit,  although  nothing 
is  broken;  but  a  subsequent  pressure  considerably  less  than  that  which 
crijjpled  the  i)illar  may  increase  the  crippling  so  much  that  actual  de- 
struction of  metal  will  occur.  Pillars  also  fail  through  the  buckling 
of  individual  i)arts,  and  this  is  the  usual  source  of  failure  when  very 
thin  sections  are  used. 

The  class  of  pillars  to  which  the  author  has  applied  his  analysis  are 
of  so  simple  section  that  some  of  these  disturbances  are  eliminated; 
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still  it  is  not  correct  to  assume  that  the  pillars  heud  in  a  single  curve  Mr.  Morison. 
from  end  to  end;  the  curve  is  more  likely  to  have  two  jioints  of  con- 
trary flexure  and  the  result  would  be  that  the  strain  which  produces 
rupture  and  which  is  determined  by  the  radius  of  curvature,  would 
occur  with  a  very  much  less  lateral  deflection  than  the  author's 
analysis  assumes. 

The  formulas  which  are  the  basis  of  the  analysis  are  empirical 
formulas  based  on  the  result  of  actual  tests.  The  author  takes  these 
as  accurate  measures  of  the  strength  of  pillars  of  dimensions  corre- 
sponding to  the  assumed  conditions,  and  calculates  how  much  these 
pillars  must  deflect  laterally  to  produce  a  strain  in  extreme  fibers  equal 
to  that  required  to  break  the  material,  this  being  a  tensile  or  a  com- 
pressive strain  according  to  the  length  of  pillar.  He  then  decides  that 
the  factor  of  safety  should  not  be  applied  on  the  load  placed  upon  the 
pillar,  but  on  the  strain  in  extreme  fibers  and  calculates  what  pressure 
on  the  ends  of  the  pillar  would  correspond  to  the  Avorking  strain 
which  his  factor  of  safety  permits  on  extreme  fibers  of  metal.  His  de- 
monstration shows  correctly  that  the  longer  the  pillar,  the  larger  the 
relative  amount  of  strain  due  to  lateral  deflection  or  bending,  and,  as 
his  factor  of  safety  is  applied  upon  a  resultant  of  which  this  strain 
forms  a  jjart,  it  follows  that  the  factor  corresponding  to  the  division 
of  the  breaking  strength  of  the  whole  pillar  by  the  safe  load  on  the 
whole  pillar,  which  is  the  usual  factor  of  safety,  will  be  less  than  the 
factor  corresi^onding  to  the  breaking  strain  in  extreme  fibers  divided 
by  the  working  strain  in  extreme  fibers,  which  is  the  author's  factor  of 
safety.  The  result  is  that  as  the  length  of  j^illar  increases,  the  general 
factor  of  safety  decreases,  the  fiber  factor  remaining  constant. 

While  this  may  be  theoretically  correct,  it  can  hardly  be  considered 
good  practice.  It  overlooks  the  fact  that  a  factor  of  safety  is  intended 
to  cover  a  great  many  uncertainties  and  irregularities,  and  the  longer 
a  pillar  becomes,  the  greater  the  opportunities  for  these  irregularities. 
When  a  pillar  passes  a  certain  length  it  is  likely  to  break  by  tension  on 
the  convex  side,  and  even  safe  working  loads  may  produce  tension  on 
one  side  and  compression  on  the  other.  Furthermore,  comparatively 
small  disturbances  may  reverse  the  deflection,  and  the  pillar  which, 
under  one  loading,  deflects  to  the  right,  may  under  another,  which  is 
equally  likely  to  occur,  deflect  to  the  left;  the  result  is  that,  although 
the  actual  strains  may  never  exceed  what  the  author  has  selected  as 
safe  working  strains  on  extreme  fibers,  they  may  approach  this  amount, 
both  as  positive  and  negative  strains,  and  the  variation  between 
extremes  may  be  double  the  maximum  in  either  direction.  As  it  is 
generally  conceded  that  the  measure  of  variation  in  strains  is  at  least 
as  important  as  the  measure  of  maximum  strains,  it  follows  that  what 
would  be  a  perfectly  safe  working  strain  for  a  short  pillar  under  com- 
pression  would   be   absolutely  dangerous  in  pillars  subject  to  such 
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Mr.  Morieon.  reversals.  Again,  the  longer  the  pillar,  the  greater  the  liability  to  dis- 
tortion from  accidental  blows;  a  blow  which  wonld  be  entirely  harm- 
less on  a  ijillar  10  ft.  long  would  exert  nine  times  as  much  effect  on  a 
jjillar  '60  ft.  long;  and  if  a  load  came  on  before  the  eti'ect  of  this  blow 
was  removed,  disaster  might  follow. 

The  pai^er  is  jserhaps  an  illustration  of  the  dangers  of  applying 
theoretical  analysis  to  emj^irical  formulas  based  on  tests  which  the 
analyzer  has  not  himself  observed.  It  might  lie  instriictive  to  make 
tests  of  jiillars  of  the  precise  dimensions  which  have  been  considered, 
and  observe  how  far  the  action  of  the  pillars  under  strain  corresponds 
with  the  changes  of  shape  which  have  been  assumed  as  the  basis  of  his 
analysis. 

The  paper,  however,  brings  out  one  very  important  feature,  which 
seems  in  danger  of  being  neglected  in  architectural  construction, 
though  engineers  have  long  recognized  its  absolute  imijortance.  It 
is  briefly  the  fact  that  a  pillar  is  not  simply  a  compression  member, 
but  a  beam  as  well,  and  that  no  pillar  is  properly  designed  in  which  its 
duties  as  a  beam  are  not  considered.  The  fundamental  requirement 
of  a  beam  is  that  it  must  be  able  to  resist  flexure,  and  this  resistance 
causes  bending  strains  in  the  parts  on  opposite  sides  of  the  neutral 
axis.  In  order  to  transmit  these  strains  from  the  point  of  application 
to  the  flanges  and  from  one  flange  to  the  other,  it  is  absolutely  neces- 
sai'y  that  the  two  sides  should  be  connected  by  something  in  the  nature 
of  a  continuous  web.  In  the  case  of  a  solid  beam  this  is  simple  enough. 
In  the  case  of  a  built  beam,  like  a  plate  gii-der,  it  requires  care  in  the 
design  ;  the  web  must  be  continuous,  and  the  rivets  connecting  the 
web  with  the  flanges  must  always  be  enough  to  transmit  to  the  flanges 
all  the  strains  which  those  flanges  may  have  to  carry.  If  an  open  web 
is  used  it  must  be  of  some  continuous  jDattern,  so  that  at  every  point  of 
apijlication  no  strain  but  a  longitudiryil  one  is  carried  by  the  flanges 
the  shearing  strain  being  taken  entirely  by  the  web  members.  In 
other  words,  no  pillar  is  properly  designed  unless  it  has  a  web  which 
forms  a  continuous  bracing  like  the  web  of  a  girder  or  truss. 

If  cast-iron  pillars  are  used,  and  the  general  opinion  of  engineers 
would  certainly  be  against  using  them  at  all  except  for  short  sections,  the 
best  form  is  undoubtedly  the  round  hollow  column,  provided  it  be  cast 
vertically ;  but  whatever  form  is  used,  it  should  be  of  continuous  section. 

The  forms  of  wrought-iron  jjillars  which  are  generally  approved 
may  be  divided  into  box  and  lattice  columns.  The  box  column  is  un- 
doubtedly the  strongest,  and,  except  for  the  difticulty  of  inspection, 
the  Ijest  ;  whether  the  Phtenix  form  be  used  or  the  square  column, 
made  of  two  plates  and  two  channels,  the  result  is  a  column  which 
meets  all  theoretical  requirements  and  gives  excellent  results.  Lat- 
ticed columns  are  all  right,  provided  the  lacing  is  properly  pro- 
l)ortioned  and  is  continuous  ;    thev  are  now  the  favorite  column  in 
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bridge  work,  partly  for  convenience  of  connections,  wliich  are  gener-  Mr.  Morison 
ally  in  parallel  jilanes,  and  jiartly  because  of  accessibility  for  cleaning 
ixnd  painting ;  on  tlie  other  hand,  they  are  less  convenient,  and  com- 
paratively little  nsed  in  architectural  work. 

Another  class  of  jiillars  has  been  made  of  an  H  form  which  meets 
the  necessary  requirements.  These  may  be  made  entirely  of  channels, 
entirely  of  I  beams,  of  a  combination  of  channels  and  I  beams,  and 
of  late  they  have  been  made  very  largely  of  a  single  web  plate  and  four 
Z  irons.  All  of  these  pillars  have  continuous  webs  and  are  well  adapted 
to  resist  bending  ;  care  must  be  taken  that  the  flanges  are  thick 
enough  to  resist  buckling,  and  the  tendency  to  buckle  is  very  greatly 
reduced  by  supporting  the  flanges  at  moderate  intervals. 

Varieties  of  pillars  have  been  introduced  from  time  to  time,  but 
generally  discarded  before  very  long,  which  are  without  continuous 
webs,  being  composed  of  several  longitudinal  members  connected  at 
intervals  only.  For  short  pillars  under  moderate  strains,  and  especi- 
ally in  those  places  where  there  is  no  tendency  to  any  transverse  strain, 
this  form  of  pillar  may  be  admissible,  but  even  then  it  cannot  be  eco- 
nomical, as  the  transverse  unit  is  a  dimension  of  one  of  the  sections  of 
which  the  j^illar  is  comj^osed  and  not  the  width  of 
the  pillar  itself.  To  show  the  weakness  of  such  a 
pillar  it  is  only  necessary  to  analyze  it  in  the  way 
in  which  the  writer  analyzed  his  cast-iron  pillars  ; 
to  calculate  what  bending  strain  must  exist  in  the 
flanges  of  a  properly  designed  pillar  of  a  similar 
cross-section  when  the  pillar  fails  and  then  calculate 
the  web  required,  both  in  dimensions  and  connec-  fig.  12 

tions,  to  produce  these  bending  strains  in  the  flanges.  A  defective  pillar 
of  this  class,  which,  unfortunately,  is  now  being  quite  extensively  used, 
may  Ije  cited;  it  is  formed  of  eight  angles,  arranged  as  shown  in  Fig.  12, 
and  connected  at  intervals  by  short  bent  plates.  This  pillar  is  very  con- 
venient for  connections,  and,  if  the  connecting  plates  were  continuous, 
would  be  a  good  pillar.  As  constructed  there  is  no  provision  for 
transmission  of  bending  strains  except  by  the  transverse  stiffness  of 
the  angles,  and  the  pillar  must  necessarily  fail  under  comparatively 
small  bending  strains.  It  is  everywhere  an  inferior  jnllar,  and  if  used 
where  its  transverse  stiffness  is  relied  upon  to  resist  wind  pressure,  it 
may  be  classed  as  dangerous. 

Passing  to  another  feature,  it  will  be  observed  that  Table  No.  8, 
safe  loads  of  cast-iron  pillars,  is  based  on  maximum  strains  of  16  000 
lbs.  to  the  inch,  while  Table  No.  9,  safe  loads  of  wrought-iron  pillars, 
is  based  on  maximum  strains  of  12  000  lbs.  to  the  inch.  Wrought  iron 
is  practically  no  longer  used;  but  in  columns  of  siich  length  that 
flexure  plays  any  considerable  i)art  in  the  working  strains  it  certainly 
is  not  right  to  subject  cast  iron  to  any  greater  strains  than  are  permis- 
siljle  on  wrought  iron. 
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Mr.  Eidlitz.  Leopold  Eidlitz,  Esq. — It  is  probable  that  strain  at  the  middle  of 
the  iutrados  of  a  pillar  at  the  point  of  breaking  by  flexure  is  greater 
than  the  stress  causing  rupture  in  a  specimen  of  material  when  tested 
to  ascertain  its  resistance  to  compression,  for  the  reason  that  the  ulti- 
mate strain  in  the  pillar  is  produced  in  a  mathematical  point,  which 
is  equivalent  to  the  compression  of  an  infinitely  thin  j^late,  where  all 
bending  stx'ains  are  eliminated.  It  is  not  probable  that  the  ultimate 
strain  of  a  bent  pillar  is  less  than  the  tested  resistance  to  compression 
of  the  material. 

For  the  purpose  of  analysis,  it  is  therefore  "reasonable  to  assume 
that  at  the  intrados  of  a  pillar  at  the  point  of  greatest  deflection  a 
strain  has  been  set  iip  which  is  as  great  as  the  stress  causing  rupture  in 
a  cube  of  the  material  in  question."  The  author  would  add  that  prob- 
able errors  resulting  from  this  assumption  tend  to  place  the  results 
on  the  safe  side. 

Beams  of  a  given  length  and  of  uniform  elasticity  when  bent 
under  transverse  loads  deflect  proportionately  to  the  load.  It  is 
immaterial,  therefore,  whether  in  order  to  ascertain  the  value  of  safe 
loads  an  assumed  factor  of  safety  is  apjilied  to  the  breaking  weight  of 
the  material,  or  to  its  ultimate  extreme  fiber  strain.  This  is  not  the 
case  in  the  bending  of  a  pillar.  Given  fractions  of  breaking  weight 
result  in  variable  maximum  fiber  strains,  hence  in  strength  of  resist- 
ance disproportionate  to  loads.  This  condition  is  enhanced  by  the 
fact  that  matter  is  not  uniformly  elastic. 

An  accurate  working  formiila  which  includes  the  results  of  bending 
under  eccentric  loads  as  differing  in  its  deflection  from  that  caused  by 
centric  loads  seems  desirable,  because  values  under  small  eccentrici- 
ties are  in  practice  underated,  hence  frequently  entirely  neglected  as 
being  covered  by  the  factor  of  safety;  therefore  it  is  stated  on  page  371. 

"  The  questions  examined  in  this  paper  are  mainly  what  is  the  max- 
imum strain  in  pillars  compressed  endwise  in  the  center  of  resistance 
by  loads  less  than  the  breaking  weights,  or  by  loads  not  ajiplied  in  the 
center  of  resistance." 

In  order  to  ascertain  the  maximum  strains  of  weights  less  than  the 
breaking  weight,  it  is  necessary  to  know  the  resistance  at  the  point  q{ 
breaking,  and  inasmuch  as  the  resistance  to  the  breaking  weight  is  the 
total  jiotential  energy  of  the  jjillar,  after  it  is  compressed  vertically  by 
the  breaking  weight,  the  lireaking  weight  must  first  be  ascertained  in 
order  to  know  that  resistance. 

There  are  two  methods  i)ursued  to  ascertain  the  breaking  weights 
of  pillars  of  various  lengths,  neither  of  which,  however,  contemiJlates 
the  use  of  a  coefficient,  as  is  erroneously  suggested  in  the  discussion. 
The  method  proposed  to  ascertain  l)reaking  weights  of  various  pillar 
lengths  in  accordance  with  Tables  Nos.  3  and  4  has  been  as  follows: 

For  Cast  Iron. — Ten  diagrams  of  resistance  at  the  center  of  the  pil- 
lar were  plotted  by  the  method  pursued  in  Fig.  1.     They  varied  from 
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compression  of  72  000  lbs.  at  the  extrados  and  96  000  lbs.  at  the  intra-  Mr.  Eidlitz. 
dos    to  nil  at  the  extrados  and  96  000  lbs.   at  the  intrados ;  thence 
from  10  000  lbs.  tension  at  the  extrados  and  96  000  lbs.  compresssion 
at  the  intrados  to  16  000  lbs.  tension  at  the  extrados  and  24  000  lbs. 
compression  at  the  intrados. 

For  Wrought  Iron. — Ten  diagrams  of  resistance  at  the  center  of  the 
pillar  were  plotted,  varying  from  42  400  lbs.  compression  at  the  extra- 
dos, and  52  000  lbs.  compression  at  the  intrados,  to  42  000  lbs.  tension 
at  the  extrados  and  52  000  lbs.  compression  at  the  intrados. 

From  these  diagrams  the  deflection,  breaking  weights,  radii  and 
lengths  were  computed,  and  Tables  Nos.  3  and  4  formed  from  curves 
connecting  the  various  figures  of  deflection,  breaking  weight,  radius 
and  length. 

Tables  Nos.  1  and  2  were  formed  by  computing  from  each  breaking 
weight  the  deflection,  radius  and  pillar  length  by  the  process  and  for- 
mulas stated  in  the  pajier.  In  relation  to  this  matter,  attention  is 
drawn  to  the  following  paragraph  in  the  j^aper: 

"Under  conditions  of  uniform  elasticity,  this  value  of  5  is  absolutely 
correct;  but  inasmuch  as  elasticity  is  variable,  it  would  be  true  only  if 
the  horizontal  sectional  planes  drawn  transversely  to  the  pillar  length 
were  to  be  curved  during  the  process  of  bending,"  which  of  course  is 
not  the  case. 

When  the  results  of  Tables  Nos.  1,  2,  3  and  4  were  plotted  in  Figs. 
3  and  4,  it  was  found  that  the  curves  of  Tables  No.  1  and  2  agreed  as 
nearly  as  can  be  exi)ected  with  Hodgkinsou's  exi^eriments  (variation  of 
the  material  being  allowed  for).  Tables  Nos.  3  and  4  showed  breaking 
weights  somewhat  larger  for  the  same  i:)illar  lengths,  and  although 
those  results  are  doubtless  perfectly  correct,  Tables  Nos.  1  and  2  were 
accepted  as  the  basis  of  further  analysis  and  calculation,  by  reason  of 
their  being  in  accord  with  actual  experiments,  and  for  the  further  reason 
that  the  breaking  weights  are  on  the  safe  side. 

An  examination  of  Figs.  3  and  4  will  show  plainly  that  neither  of 
these  curves  agree  with  the  curve  made  in  accordance  with  Gordon's 
formula.  Gordon's  curve  becomes  materially  inaccurate  in  pillar 
lengths  less  than  28  to  30  diameters.  This  is  fully  in  accord  with 
Prof.  Rankine's  statement*  that  Gordon's  formula  gives  approximate  re- 
•  suits  only  for  long  rods  or  pillars. 

In  the  interest  of  a  i)r('ference  for  empirical  formulas,  which  in  the 
language  of  the  discussion  "will  ])ecome  practically  scieutiticiilly 
accurate  as  the  number  and  value  of  reliable  test  values  increase,"  and 
in  the  interest  further  of  separating  imperfections  of  material  (in  its 
nature  and  also  in  form  and  magnitude  as  used  in  structural  parts), 
also  imperfections  of  methods  of  testing,  from  the  fundamental  cause 
of  bending,  which  is  i)urely  resistance  to  compression  and  tension, 
elasticity  in  fact,  Gordon's  and  other  kindred  formulas  may  be  cor- 

*  See  Raukine's  •'  Civil  Eugineering,"  p.  237. 
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Mr.  Eidlitz.  reetecl  as  follows:  Gordon's  formula  gives  approximate  values  for 
breaking  weights  of  long  pillars  (of  30  diameters  and  upwards).  It  is 
not  available  for  pillars  less  than  30  diameters  in  length.  The  main 
cause  of  this  imperfection  is  to  be  found  in  the  fact  that  his  coefficient, 
a,  as  given  by  Rankine,  is  not  flexible.  It  is  here  intended  to  show  how 
by  the  definitions  of  the  deflection  d,  the  radius  R,  and  the  pillar 
length  i,  which  form  the  basis  of  Tables  Nos.  1  and  2,  the  coefficient  u 
may  be  made  flexible;  the  formula  then  will  cover  all  pillar  lengths 
with  sufficient  accuracy  for  i^ractical  use.  The  error  will  be  less  than 
Ij  per  cent. 

Gordon's  and  other  kindred  empirical  formulas  are  all  based  upon 

d^ 
the  equation  8  W  =  ^  {G —  W)  (where  8  is  the  deflection  at  the  break- 
ing point,    W  the  breaking  load,   and   C  the  ultimate  resistance  to 
crushing  of  the  material)  rendered  in  the  form  W  =  when  the 

diameter  d  =  1.     This  value  of  TFis  not  true,  however,  in  the  case  of 
cast-iron  pillars  of  lengths  greater  than  12  diameters.     For  these  the 

T 

formula  is  TF  =  „-r ^  (where  T  is  the  ultimate  resistance  of  the  ma- 

DO  — 1 

terial  to  tension).     This  fact  seems  to  have  been  overlooked. 

The  next  effort  in  composing  a  working  formula  has  been  to  express 
the  value  of  6  8,  by  some  a  L*,  or  n  L',  where  ft  is  a  fixed  coefficient  of  L 
or  L',  and  it  was  assumed  that  a  L  or  a  L'  may  be  made  to  approximate 
the  value  of  6  5  with  sufficient  accuracy  to  express  the  value  of  W,  for 
long  pillars  at  least. 

2,2  6 

Now,  (5  =-j— V,;  hencert  =  ^-F,.     The  radii   of  cast-iron    pillars    be- 

tween  8  and  50  diameters  in  length  vary  between  67  and  460  diam- 
eters; consequently  in  a  pillar  8  diameters  long  with  single  flexure, 

6  6 

and  in  a  pillar  50  diameters  long  a  — 7-7-  (the  radii  of 


8  X  67  '  °  8  X  46U 

wrought-iron  pillars  for  10  to  50  j^illar  lengths  vary  between  250  and 
327).     This  shows  that  to  be  accurate  a  must  be  variable. 

It  may  be  observed,   however,   that  R  becomes   greater  or  less  at 
some  ratio  which  contains  a  function  of  the  j)illar  length,  and  it  may 

be  possible,  therefore,  to  express  ^-5  by j — ; —  where  c  and   n  are 

constants  for  each  material.     Hence,  a  formula — 

W= ^jj—  or  Tr=  —j-,^ 

1  -I ±1 f* 1 

±nL±c  ±nL±c 

may  be  made  sufficiently  accurate  (within  certain  given  lengths  of  pil- 
lars, at  least)  of  a  given  material.     Upon  this  principle  the  following 

*  L  OT  A'  may  be  couDidered  as  expressed  In  diameters  or  in  radii  of  gyratiou,  theu  a 
varies  accordlugly. 
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formulas   for   breaking  loads  of  cast   and   wrought   iron    have    been  Mr.  Eirtlitz. 
computed : 

For  breaking  weights,  IF,  for  cast-iron  pillars  from  5  to  11  diameters 

Q 

in  length  W=^ =- 

1  +  ;  ^ 


245  —  14  X 

where  (7=  96  000  lbs. 

For  breaking  weights,  W,  for  cast-iron  pillars  11  to  30  diameters 

T 
long  W= ^^ 

15.7  i— 86  ""^ 

where  T=  16  000  lbs. 

For  breaking  weights,  W,  for  cast-iron  pillars  30  to  50  diameters 

T 
long  W= Y'„ 

10  Z  +  87  ~^ 
For  wrought-iron  jnllars  from  8  to  50  diameters  long, 

C 


W  = 


1+      "■' 


becomes 


310  4- 2.5 i 
For  compound  flexure  '/  must  be  divided  by  4,  inasmuch  as  L- 

& 

From  the  text  of  the  paper  it  appears  clear  that  outside  of  the 
seven  formulas  enumerated  in  the  summary*,  all  factors  of  safety  or 
statements  of  moduli  of  elasticity  are  not  an  outcome  of  its  deductive 
demonstrations,  but  merely  assumptions,  currently  accepted,  for  the 
convenience  of  illustration. 

It  is  well  known  that  yellow  pine  is  not  uniformly  elastic,  and  it 
needs,  therefore,  no  diagram  nor  extended  enumeration  of  breaking 
weights  and  the  formulas  by  which  they  are  computed  from  the  re- 
sults of  various  experiments  to  show  that  they  differ  from  those  result- 
ing from  an  assumed  uniform  elasticity  which  does  not  exist,  but 
which  has  in  this  case  been  assumed  for  the  sake  of  brevity  in 
comjiuting  safe  loads. 

When  in  a  structural  part  the  maximum  strain  is  directly  propor- 
tionate to  the  weight,  it  is  immaterial  whether  a  determined  factor  of 
safety  is  applied  to  either;  l)ut  when,  as  in  the  case  of  pillars,  this  is 
not  the  case,  the  factor  of  safety  must  be  applied  to  the  determination 
of  the  permissil)le  maximum  strain.  If  it  is  i)robable,  or  even  pos- 
sible, that  the  computed  actual  loads  may  be  exceeded  by  25,"^  or  any 
other  quantity  whatever,  that  quantity  must  be  added  to  the  primarily 
computed  load,  or  if  in  the  mind  of  the  engineer  a  doubt  still  exists  as 
to  the  safety  of  an  unusually  long  pillar  (and  it  must  be  remembered 

*  See  page  397. 
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Mr.  Eidlitz.  here  that  in  construction  as  now  practiced,  pillars  are  invariably  short, 
not  long,  viz.,  exceeding  20  diameters),  or  if  he  is  infinenced  by  habit 
or  by  a  laudable  desire  to  limit  deflection  to  a  minute  imperceptible 
quantity,  he  may  in  such  a  special  case  increase  the  factor  of  safety. 

Referring  again  to  the  quotation  on  page  423,  and  apiilying  it  to 
the  problematical  case  of  a  j^illar  of  the  elasticity  of  wrought  ii'on  and 
an  ultimate  strength  of  12  000  lbs. ,  the  method  of  computing  the  pil- 
lar length  must  be  in  accordance  with  a  condition  of  uniform  elasticity 
as  follows: 


L2  = 


2p(C— TF)'  6  TF 

8  E  1.08843  X  24  GOD  000      26  122  000 


12  p   W  W  W       ' 

TF  being  10  000  lbs.  Hence,  X"  =  2  612.2  and  i  =  51.1.  According 
to  Table  Xo.  4,  which  is  accurate,  the  length  of  the  problematical 
pillar  which  breaks  under  10  000  lbs.  is  50.9. 

Pages  384  to  387  of  the  paper,  containing  a  section  on  ' '  the  deflec- 
tion and  radius  caused  by  Wx  <C  TF  when  placed  in  the  center  of 
resistance,"  and  also  Table  No.  7a  prove  conclusively,  as  stated  in  the 
heading  of  Table  No.  7a,  that  Xis  greater  than  S —  TFi,  which  means 
distinctly  that  X  =  S  -\-  n  —  TFi ,  when  ?i  is  a  function  of  IF, . 

The  discussion  contains  the  sentence:  "At  one  step  in  the  train  of 
reasoning  the  author  introduces  the  proportional  equation  S  —  TT'^ : 
G—  W=  TFi  E:  W E^  in  which  S—  TFi  is  written  in  place  of  X" 
(evidently  by  the  speaker). 

Inasmuch  as  the  equation  alluded  to  in  the  text  of  the  paper  con- 
tains the  term  Xand  not  the  term  S —  TFj,  this  proves  the  speaker's 
deductions  following  the  substitution  of  <S  —  W^  for  X  to  be 
erroneous. 

The  formula  for  the  resistance  to  breaking  Avhen  TT'i  is  less  than 

W,  X  =  (C —   TF)  y-j-  ,  is  proved  beyond  controversy  by  the  fact 

■'•'1 
that  when  the  radius  is  computed  from  the  value  of  X,  and  when  the 
deflection  is  computed  by  either  of  the  formulas  No.  7*,  then  S  R  S  = 
TJ-,  wliile  for  any  other  value  of  X  this  is  not  the  case. 

Hodgkiusou,  8i)caking  of  Euler's  theory  of  the  strength  of  pillars, 
says: 

"  It  appeared  from  the  researches  of  this  great  analyst,  that  a 
pillar  of  any  given  dimensions  and  description  of  material  required  a 
certain  weight  to  bend  it,  even  in  the  slightest  degive;  and  with  less 
than  tliis  weight  it  would  not  be  bent  at  all  (Acad,  de  Berlin,  1757). 
Lagrange,  in  an  elal)orate  essay  in  the  same  work,  arrives  at  the  same 
conclusion.     The  theory,   as  deduced  from  this   conclusion,  is  very 

*  See  page  397. 
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beautiful,    and    Poisson's    exposition   of   it    in   liis  'Mecanique,'    2d  Mr  Eidlitz. 
Edition,  Vol.  1,  will  repay  the  labor  of  a  periisal. 

"I  have  many  times  soiight,  experimentally,  with  great  care  for 
the  weight  producing  incipient  flexure,  according  to  the  theory  of 
Euler,  but  have  hitherto  been  unsuccessful.  So  far  as  I  can  see, 
flexure  commences  with  weights  far  below  those  with  which  pillars 
are  usually  loaded  in  practice.  It  seems  to  be  produced  by  weights 
much  smaller  than  are  sufiicient  to  render  it  caj^able  of  being 
measured.  I  am  therefore  doubtful  whether  such  a  flxed  jjoint  will 
ever  be  obtained,  if  indeed  it  exist.  With  respect  to  the  conclusions 
of  some  writers,  that  flexure  does  not  take  place  with  less  than  about 
half  the  breaking  weight;  this,  I  conceive,  could  only  mean  large  and 
palpalde  flexure;  and  it  is  not  improbable  that  the  writers  were  in 
some  degree  deceived  from  their  having  generally  used  specimens 
thicker,  comijared  with  their  length,  than  have  been  usually  em- 
ployed in  the  present  effort." 

The  author  would  add  that  he  cannot  conceive  howEuler's  formula 
throws  any  light  upon  the  maximum  strain  in  pillars  compressed  end- 
wise in  the  center  of  resistance  by  weights  less  than  the  breaking 
weight,  or  by  weights  not  applied  in  the  center  of  resistance. 

The  discussion  contains  a  considerable  amount  of  matter  which 
has  no  direct  bearing  upon  the  subject  of  maximum  strain  under 
various  loads  and  differing  conditions  of  loading  of  j^illars,  which  on 
that  account  requires  no  reply  on  the  author's  part,  excepting  inas- 
much as  it  indirectly  aff'ects  principles  involved. 

Mr.  Morison  says:  "  The  assumption  that  failure  always  occurs  be- 
cause some  portion  of  the  material  in  the  jjillar  is  strained  beyond  its 
ultimate  strength  is  not  correct. "  How  can  matter  fail  unless  strained 
beyond  its  strength? 

The  same  writer  says  also :  "It  is  not  correct  to  assume  that  pil- 
lars bend  in  a  single  curve  from  end  to  end."  They  always  bend  in 
this  way  when  rounded  at  the  ends  as  stated  in  the  heading  of  the 
tables. 

He  says  also:  "The  formulas  which  are  the  basis  of  the  analysis 
are  empirical  formulas  based  on  the  results  of  actual  tests."  There 
are  no  formulas,  empirical  or  otherwise,  at  the  basis  of  the  analysis. 
The  analysis  defines  deflection  and  radius  by  geometrical  and  mathe- 
matical deduction.  In  another  place  the  same  author  says:  "The 
paper  is  perhaps  an  illustration  of  the  dangers  of  applying  theoretical 
analysis  to  emi)irical  formulas  l)ased  on  tests  which  the  analyser  has 
not  himself  observed. "  Analysis  tends  to  correct  empirical  coeflicieuts 
in  the  interest  of  accuracy,  a  process  which  cannot  be  conceived  to 
involve  danger  to  science.  The  idea  that  analysis  necessarily  involves 
personal  observation  of  tests  quoted  is  not  held  by  the  author. 

Another  criticism  by  the  same  writer  is: 

"  Passing  to  anotlicr  feature,  it  will  be  observed  that  Table  No.  8, 
safe  loads  of  cast-iron  ])illars,  is  based  on  maximum  strains  of  1(5  000 
lbs.  to  the  inch,  while  Table  No.  9,  safe  loads  of  wrought-irou  liillars, 
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Mr.  Eidlitz.  is  based  on  maximnm  strains  of  12  000  lbs.  to  the  inch.  Wrought  iron 
is  practically  no  lon^jer  used;  but  in  columns  of  such  length  that  flexure 
plays  any  considerable  part  in  the  working  strains  it  certainly  is  not 
right  to  siibject  cast  iron  to  any  greater  strains  than  are  permissible 
on  wrought  iron." 

Table  No.  8  contemplates  a  permissible  maximum  tensile  strain  for 
cast  iron  of  2  670  lbs.  only. 

Engineering  handbooks  published  by  various  rolling  mills  and 
others  having  the  authority  of  competent  engineers  compute  j^illars 
planed  top  and  bottom  or  pillars  of  continuous  length  held  in  position 
by  girders  and  beams  abutting  upon  them  and  fastened  to  them  with 
bolts  or  rivets  at  every  story  as  subject  to  compound  flexure  under  a 
safe  load. 

Deflections  of  pillars  usually  employed  in  building  are  exceedingly 
small  under  safe  loads;  for  instance  deflections  of  wrought-iron  pillars 
from  12  to  20  diameters  long  (under  loads  varying  from  11  790  to 
10  600  lbs.)  are  0.003  to  0.022  diameter. 

The  movement  of  the  pillar  head  from  a  horizontal  position  to  one 
sufficiently  inclined  to  correspond  with  the  stated  deflections  is  so 
small  that  the  strains  generated  are  inoperative,  because  the  movement 
is  abundantly  j)racticable  within  the  limits  of  inaccuracy  of  construc- 
tion such  as  exists  in  practical  building. 

If  bending  were  continued  to  the  breaking  point,  then,  no  doubt, 
compound  flexure  would  ensue,  but  in  the  absence  of  loads  greater 
than  safe  loads,  pillars  bend  with  single  flexure. 

It  is  also  a  well-known  fact  that  eccentric  loading  is  under-rated  in 
the  absence  of  a  working  formula  which  by  one  process  gives  eccentric 
breaking  loads  as  compared  with  centric  breaking  weights  and  the 
strength  of  material. 

These  considerations  have  resulted  in  the  analysis  of  the  strength 
of  pillars,  and  go  to  show  that  safe  loads  are  governed  by  maximum 
strain,  and  not  by  breaking  weights,  or  else  many  buildings  constructed 
under  the  old  system  would  show  more  serious  defects  than  have  been 
discovered  as  yet,  and  also  that  with  a  table  of  safe  loads  at  the  com- 
mand of  the  engineer  or  architect,  no  eccentric  load,  no  matter  how 
small,  should  be  neglected  on  the  plea  that  the  factor  of  safety  being 
apjjlied  to  weights  instead  of  strains  covers  a  multitude  of  defects  not 
critically  examined. 
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WLTH  DISCUSSION. 


The  history  of  the  development  of  the  electrical  industries  for  the 
past  few  years  probably  presents  the  most  remarkable  example  of 
rapid  growth  ever  recorded,  and  nowhere  is  this  better  exemplified 
than  in  the  central  stations  of  this  and  other  cities,  where  the  current 
is  generated  for  distribution  over  areas  of  greater  or  less  extent  for  the 
supply  of  light  and  power.  In  isolated  plants  the  apparatus  is  gen- 
erally small  and  simjile  in  construction,  and  the  generation  of  elec- 
tricity is  a  matter  of  secondary  imi)ortance  ;  the  cost  of  the  current 
generated  is  comparatively  immaterial,  and  a  i)lant  once  installed  runs 
until  it  refuses  absolutely  to  do  any  more  work,  when  it  is  sold  for 
junk  and  another  jnit  in  its  place.  In  central  stations,  however,  this 
is  not  the  case.  Here  the  cost  of  the  current  generated  is  a  matter  of 
the  first  importance,  and  as  the  growth  of  business  calls  constantly  for 
additional  capacity,  and  competition  demands  constantly  better  service 
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aud  cheaper  methods  of  generation  and  distribution,  in  such  stations 
will  he  found  the  results  of  the  latest  discoveries,  inventions  and  im- 
provements, affecting  the  entire  apparatus  required  for  the  generation 
of  current,  from  the  boilers  to  the  switchboard.  Here  everything  is 
being  constantly  revolutionized  ;  what  was  good  practice  yesterday  is 
obsolete  to-day,  and  what  a  few  years  ago  was  looked  upon  with 
wonder  and  admiration  is  laughed  at  to-day  as  being  old-fashioned 
and  out  of  date. 

Boiler-making  has  been  almost  entirely  revolutionized  to  meet  the 
requirements  of  the  electrical  business ;  engine-building  has  under- 
gone changes  even  more  remarkable,  but  it  is  in  the  strictly  electrical 
aj^paratus  that  the  greatest  strides  have  been  made,  the  other  indus- 
tries simi^ly  following  in  the  wake  as  rapidly  as  possible  and  trying  to 
meet  the  ever-changing  conditions.  In  dynamo-building  one  of  the 
most  noticeable  changes  to  the  layman  is  the  increased  size  of  the  units. 
A  few  years  ago  a  600-light  incandescent  dynamo  was  considered  a 
monstrosity,  and  when  the  first  were  built  wiseacres  predicted  that  they 
could  never  be  made  to  operate  successfully,  that  they  were  too  big 
and  awkward  to  handle,  and  that  it  was  carrying  too  many  eggs  in  one 
basket  to  have  600  lights  on  one  dynamo.  To-day  a  6  000-light  dynamo 
is  considered  little  more  than  a  baby,  while  a  600-light  machine  is 
scarcely  large  enough  to  excite  the  field  of  a  good-size  alternator. 

With  the  increase  in  the  size  of  the  dynamo  there  has  naturally 
come  a  reduction  in  the  speed  of  the  armature,  making  it  possible  to 
connect  the  armature  shaft  directly  to  the  engine  shaft,  either  by  a 
rigid  or  a  flexible  coupling,  and  to  do  away  with  belts,  which,  under 
the  conditions  and  at  the  speeds — seldom  less  than  6  000  ft.  per  minute-^ 
required  in  most  electrical  work  are  a  source  of  never-ending  trouble  ; 
this  is  certainly  a  long  step  in  the  right  direction.  The  author  does  not 
wish  to  incur  the  enmity  of  belt  men  by  running  down  theii*  goods. 
Belts  are  very  good  things  and  all  right  in  their  place,  but  an  electric 
station  is  no  jjlace  for  them. 

With  these  changes  have  come  naturally  an  increased  eflicicncy  and 
various  other  improvements  which,  though  fully  as  important  as 
those  mentioned,  are  less  noticeable  to  a  ijerson  unfamiliar  with  elec- 
trical matters. 

The  author  has  been  connected  for  a  number  of  years  with  the 
United  Electric  Light  and  Power  Company,  a  cori)oratiou  supplying 
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electricity  for  all  purposes  in  the  city  of  New  York  and  formed  by  the 
combination  of  interests  of  the  oldest  companies  in  the  field.  The 
stations  which  the  new  company  acquired  and  attempted  to  operate 
had  all  been  doing  service  for  several  years,  and  the  aj^paratiis  was 
naturally  somewhat  antiquated. 

After  making  numerous  changes  and  imi:)rovements,  both  in  the 
methods  of  generation  and  distribution  of  current,  there  came  a  time 
when  alterations  would  no  longer  answer  the  purpose,  and  the  author 
was  instructed  to  design  and  erect  a  new  station,  to  take  the  place  of 
all  the  old  ones  and  embody,  as  far  as  possible,  the  best  modem  prac- 
tice for  the  economical  generation  and  distribution  of  current,  as  well 
as  the  most  efficient  and  reliable  service. 

The  first  portion  of  this  station  has  been  erected,  and  the  apparatus 
has  been  installed  and  is  in  operation,  and  it  is  intended  to  give  in  this 
paper  a  brief  description  of  it  as  an  instance  of  modern  practice  in  this 
particular  line. 

When  the  subject  of  a  new  station  was  taken  up,  one  of  the  stations 
operated  by  the  company  was  on  the  south  side  of  East  Twenty-ninth 
Street,  the  property  extending  west  280  ft.  from  the  East  Eiver  and 
including  also  eight  lots  directly  in  the  rear  of  the  station  on  the  north 
side  of  East  Twenty-eighth  Street,  but  having  no  water  front.  This 
Twenty-eighth  Street  property  was  vacant,  with  the  exception  of  a  few 
small  one-story  buildings,  and  was  used  as  a  storage  yard.  This  was 
considered  a  good  central  location  for  the  district  to  be  covered,  from 
the  Battery  to  Fifty-ninth  Street,  and  it  was  decided  to  design  the 
station  to  run  from  street  to  street,  and  to  erect  and  equip  first  the 
Twenty-eighth  Street  half,  which  would  have  sufficient  capacity  to 
take  care  of  the  load  of  all  of  the  present  stations,  and  then  to  tear 
down  the  old  station  and  continue  the  new  one  through  to  Twenty- 
ninth  Street,  to  provide  for  future  growth  of  the  business.  The 
Twenty-eighth  Street  half  is  now  erected,  and  sufficient  apparatus  has 
been  installed  to  care  for  all  the  load,  with  the  exception  of  that  car- 
ried by  the  old  Twenty-ninth  Street  plant.  It  is  the  intention  to  in- 
stall during  the  coming  summer  the  remainder  of  the  machinery  in 
the  half  already  erected,  and  then  remove  the  Twenty-ninth  Street 
station  and  comjjlete  the  new  one. 

One  of  the  first  considerations  in  laying  out  work  in  a  large  city 
where  property  is  so  valuable  as  in  New  York  is  economy  of  space,  and 
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in  this  connection  the  aiithor  considers  it  -northy  of  notice  that  in  this 
station  20  000  H.  P.  of  engines,  together  -with  the  boilers,  pumps, 
heaters,  condensing  apparatus,  dynamos  and  switchboard,  and  storage 
for  6  000  tons  of  coal,  are  all  on  a  plot  of  ground  160  ft.  11  ins.  by  197 
ft.  6  ins.  All  machinery,  including  the  boilers,  is  on  the  ground  floor, 
and  yet  there  is  plenty  of  light,  air  and  ample  space  for  working  around 
all  the  apparatus,  both  for  its  ordinary  operation  and  for  making 
repairs. 

The  building  already  erected  has  a  frontage  of  160  ft.  11  ins.,  and 
is  a  steel  frame  structure  with  a  brick  tilling  in  the  walls,  except  on 
the  north  end,  which  is  covered  by  a  corrugated  iron  curtain  wall 
which  will  be  removed  when  the  Twenty-ninth  Street  side  is  biiilt. 
Figs.  1,  2  and  3  give  a  general  idea  of  the  construction  of  the  building. 
Fig.  1  is  a  cross-section  of  the  entire  structure,  Fig.  2  a  longitudinal 
section  through  boiler  room,  and  Fig.  3  the  roof  plan ;  Fig.  4  shows  the 
front  elevation  of  the  building  as  it  appears  from  Twenty-eighth  Street. 
This  entire  front  wall  is  hollow  and  is  carried  up  above  the  roof,  to 
prevent  the  noise  from  the  machinery  annoying  the  patients  in  Bellevue 
Hospital,  which  is  directly  across  the  street.  The  wall  is  really  com- 
posed of  two  walls,  one  12  ins.  thick  on  the  outside,  and  one  8  ins. 
thick  on  the  inside,  with  a  2-in.  air  space  between  them.  These  two 
walls  are  bonded  together  at  every  sixth  course  vertically  by  bricks 
spaced  20  ins.  horizontally,  as  shown  in  detail  in  Fig.  5. 

Double  windows  are  also  placed  on  this  side  of  the  building,  to 
prevent  the  noise  of  the  machinei-y  from  causing  annoyance,  and  this 
arrangement  has  been  so  successful  that,  standing  directly  in  front  of 
the  building,  it  is  impossible  to  tell  whether  or  not  the  machinery  is 
in  operation.  The  foundations  for  all  the  machinery  rest  on  solid 
rock,  as  do  the  foundations  for  the  building  itself,  with  the  exception 
of  one  small  corner  which  has  no  great  weight  to  carry. 

To  jjrevent  the  transmission  of  any  possible  vibration  to  the  adjoin- 
ing buildings,  the  foundation  walls  were  kept  1  in.  away,  and  the 
space  tilled  with  sand  up  to  the  surface  of  the  ground.  Above  this 
I)oint  the  adjoining  walls  were  covered  with  tarred  i)apcraud  the  brick- 
work built  against  this,  thus  preventing  any  i>ossible  bond  between 
the  brickwork  of  the  station  and  that  of  the  adjoining  Viuildings.  As 
a  matter  of  fact  these  precautions  were  unnecessary  as  the  station  walls 
themselves  are  absolutely  free  from  any  i)ercci)til)le  vibration. 


YORK    ON"    ELECTRIC    CENTRAL   STATION". 


433 


^  :      ,  -      -.0,1.5 jli  C  '-o.iii'F: 


434 


YORK    OX   ELECTRIC    CENTRAL   STATION. 


It  was  the  original  intention  to  excavate  do^vn  to  the  rock,  vhich 
was  only  a  few  feet  below  the  surface  over  the  greater  part  of  the  area, 
remove  the  loose  top  rock  and  shale,  and  build  up  the  foundations  as 
shallow  as  possible.  In  the  case  of  the  engines  it  was  the  intention 
to  build  only  enough  foundation  to  carry  them,  and  to  hold  them 
down  by  foundation  bolts,  which  were  to  bo  secured  by  rusting  in 
holes  drilled  in  the  rock.  The.  rock  found,  however,  was  practically 
useless  for  the  jjurpose,   being   full   of  mica   and   quite   soft,    as   is 
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most  of  the  rock  on  Manhattan  Island.  It  became  necessary,  there- 
fore, to  take  out  onoTigh  of  this  material  to  allow  masonry  foundations 
to  be  built  of  sufficient  weight  to  hold  the  machinery  without  nnchor- 
age.  The  foundations  for  the  four  main  engines  on  each  side  were 
built  together  as  one  foundation,  and  are  shown  in  Fig.  C.  They  are 
of  hard  brick,  laid  in  mortar,  composed  of  three  parts  sand  and  one 
of  impoi'tcd  Portland  cement.  Fig.  7  shows  a  single  engine  founda- 
tion in  detail.     Fig.   H  is  a  jilan   of  tlu*  fonndiitinn   walls   uiid    piers  of 
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the  building,  which  were  eonstmcted  in  the  same  manner  as  the  engine 
foundations. 

The  masonry  was  all  done  by  day's  work,  while  the  steel  frame  was 
let  out  by  contract,  as  were  the  piping  and  all  other  work  of  any  mag- 
nitude. 

The  boilers  are  of  the  upright  water-tube  type  and  are  in  600  H.  P, 
units.  Aside  from  being  economical  in  the  generation  of  steam,  they 
were  selected  especially  because  they  occupy  so  little  ground  room 
per  unit  of  capacity.  Six  are  now  installed,  and  six  more  are  required 
to  complete  the  half  of  the  station  now  erected.  Plate  X  shows  the 
arrangement  of  the  boilers,  as  well  as  their  appearance  during  erection. 

.ENGINE  AND  DYNAMO  ROOM  PUMP  ROOM  BOILERS 
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It  will  be  seen  that  part  of  the  boilers  have  all  tubes  in  place,  while 
the  shell  of  one  has  just  been  set  up,  no  tubes  having  been  put  in  it. 

The  engine  adopted  is  a  Westinghouse  double-acting,  known  as  the 
"  Columl)ian  stcepled  compound,"  and  is  of  the  same  type  as  those 
used  in  the  lighting  station  at  the  World's  Fair  at  Chicago.  In  fact, 
three  of  the  engines  at  present  installed  were  in  service  in  that  station. 
Fig.  9  shows  one  of  these  engines  in  section.  The  low-pressure 
cylinder  is  placed  over  the  higli  pressure,  and  both  jiistons  are  con- 
nected to  the  same  rod.  The  crank  is  enclosed  in  the  same  manner 
as  is  customarv  in  the  more  familiar  types  of  Westinghouse  engines. 
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The  low-pressure  valve  is  operated  bv  a  fixed  eccentric  placed  inside 
the  crank  case,  while  the  high-pressure  valve  receives  its  motion  from 
a  shifting  eccentric  outside  the  crank  case,  operated  automatically  by 
the  governor,  which  is  placed  on  the  shaft  outside  of  the  eccentric. 
The  low-pressure  valve  is  of  the  slide-valve  type,  while  that  for 
the  high-pressure  cylinder  is  a  hollow  piston  valve,  being  constructed 
in  this  manner  to  allow  the  exhaust  from  the  lower  end  of  the  high- 
pressure  cylinder  to  pass  up  through  it.  On  account  of  this  con- 
struction it  is  impossible  to  cushion  the  valve  itself,  and  this  cushion- 
ing is  accomplished  by  a  plunger,  receiving  the  same  motion  as  the 
valve,  which  works  in  what  is  termed  an  inertia  cylinder  placed  out- 
side the  crank  case,  as  shown  in  the  cut.  This  inertia  balance  is  also 
used  for  working  the  engine  by  hand,  the  eccentric  being  first  discon- 
nected by  throwing  over  a  small  hand  wheel,  and  steam  being  admitted 
above  or  below  the  plunger  by  means  of  a  small  slide  valve.  The 
dimensions  of  these  engines  are  as  follows:  Diameter  high-pressure 
cylinder,  21|  ins.;  diameter  low-pressure  cylinder,  37  ins,;  stroke,  22  ins. 
The  speed  is  200  revolutions  per  minute  and  the  rated  horse-power 
1  200  when  operating  condensing,  with  150  lbs.  initial  steam  pressure. 
Plate  XI  shows  the  four  engines  and  dynamos  already  installed  on 
the  east  side  of  the  engine-room. 

Each  main  engine  is  directly  connected  to  a  600-kilowatt  Westing- 
house  alternator  by  a  rigid  coupling,  both  engine  and  generator  being 
set  on  a  firm  cast-iron  bedplate,  as  shown  in  Fig.  7.  The  generator 
has  but  one  bearing,  the  armature  being  swung  between  the  engine  and 
this  single  support.  Four  of  these  outfits  are  now  erected  in  place, 
and  four  more  will  be  required  in  the  fii'st  half  of  the  station.  These 
generators  are  similar  to  those  used  in  the  lighting  station  at  the 
World's  Fair  at  Chicago,  except  that  the  armatures  are  wound  for  a 
different  voltage  and  are  slotted  instead  of  toothed. 

By  this  means  the  noise,  which  would  be  objectionable  in  a  thickly 
populated  district,  is  almost  entirely  done  away  with.  The  alternators 
are  all  arranged  to  give  either  single  or  two-phase  current.  This  is 
accomplished  in  two  of  the  four  machines  already  in  place  by  two  sep- 
arate armatures  on  the  same  shaft,  set  at  the  proper  angle  in  relation 
to  each  other  to  give  the  form  of  current  required.  In  the  remaining 
two  alternators  the  same  result  is  accomjjlished  with  but  a  single 
armature. 
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For  exciting  the  fields  of  the  alternators  75-kilowatt  direct-current 
Westinghouse  dynamos  of  the  railway  generator  type  are  used.  These 
are  directly  connected  to  100  H.  -P.  Westinghouse  single-acting  tandem 
compound  engines  by  means  of  a  flexible  coupling.  Both  the  engine 
and  the  generator  are  too  well  known  to  require  any  description. 
Three  of  these  outfits  are  provided  for  the  eight  alternators  in  the 
Twenty-eighth  Street  side  of  the  station,  and  as  each  has  sufficient 
capacity  to  excite  four  alternators,  there  is  always  one  spare. 

The  feed  pumps  are  arranged  in  the  same  manner  as  the  exciters; 
that  is,  three  are  provided,  any  two  of  which  are  able  to  supply  all  the 
boilers  in  the  Twenty-eighth  Street  side  of  the  station  at  the  time  of 
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the  heaviest  load,  leaving  one  spare.  These  are  compound  duplex 
pumps  9  and  14  x  8  x  10  ins.  The  steam  supply  is  controlled  l)y  a  reg- 
ulating valve  operated  by  the  pressure  in  the  feed  mains,  so  that  this 
pressure  is  always  kept  constant. 

The  entire  engine  and  dynamo-room  is  spanned  by  a  three-motor 
electric  crane  of  25  tons  capacity,  which  is  shown  in  outline  in  Fig.  1. 
The  span  from  center  to  center  of  the  rails  is  72  ft.  3 J  ins.,  and  the 
crane  itself  weighs  approximately  45  tons.  While  a  crane  of  this  size 
and  character  in  a  power  station  may  ai)pear  to  some  to  be  in  the  nature 
of  an  extravagance,  the  author  considers  it  quite  the  reverse,  and  his 
opinion  is  borne  out  in  this  instance,  at  least,  by  the  facts,  as  it  has 
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Baved  in  time  and  laV>or  more  than  its  cost  in  setting  up  the  machinery 
now  installed.  Moreover,  the  first  cost  of  the  crane  is  very  largely  off- 
set by  the  fact  that  its  presence  enabled  the  roof  of  the  building  to  be 
made  very  light,  just  heavy  enough,  in  fact,  to  provide  for  the  -wind 
and  snow  load,  while  it  would  have  otherwiwe  Vjeen  necessary  to  make 
every  roof  trass  strong  enough  to  suspend  the  heaviest  part  of  the 
engines  or  dynamos  from  it,  thus  materially  increasing  the  cost. 

The  aj^paratus  for  handling  coal  and  ashes  is  shown  in  Fig.  10.    The 
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conveyor  consists  of  an  endless  chain  of  gravity  buckets,  which  are 
loaded  by  means  of  a  filler  and  can  be  dumped  at  any  desired  point. 
The  driver  is  in  the  noj-tli  f-nd  of  the  ventilator  over  the  coal  bunker. 
The  coal  filler  is  in  a  vault  under  the  sidewalk  and  the  coal  in  dumped 
into  this  apparatus  through  a  grating  situated  at  about  the  street 
level.  After  being  deposited  in  the  buckets,  the  coal  is  carried  up  into 
the  ventilator  over  the  coal  bunker  and  dumped  into  any  portion  of 
the  bunker  desired.     From  the  hoppers  in  the  l)ottom  of  the  bunker, 
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the  coal  is  spouted  to  the  different  boilers.  The  arrangement  is  such  that 
the  coal  trims  itself  and  will  continue  running  down  the  spouts,  as  re- 
quired and  withoiTt  assistance,  so  long  as  any  remains  in  the  bunker. 

When  the  Twenty-ninth  Street  side  of  the  station  is  built,  a  second 
conveyor  running  at  right  angles  to  the  present  one  will  be  put  in  to 
bring  the  coal  from  the  water  front.  As  the  company  does  not  own 
the  bulkhead  on  the  Twenty-eighth  Street  side,  however,  it  is  neces- 
sary to  cart  the  coal  at  the  present  time. 


PLAN 


Fig.  7. 


Under  each  boiler  is  an  ash  hopper  delivering  the  ashes  to  a  second 
movable  filler,  which  deposits  them  in  the  buckets  of  the  conveyor, 
when  it  is  not  used  for  coal.  The  conveyor  dumps  the  ashes  at  a  point 
from  which  they  are  spouted  over  to  a  tank  in  the  southeast  corner  of 
the  coal  bunker.  From  this  tank  they  are  spouted  down  and  out 
through  the  front  of  the  building  into  carts.  By  this  arrangement  the 
same  conveyor  handles  both  the  coal  and  the  ashes,  and  neither  is 
touched  by  a  shovel,  except  that  for  the  present  the  coal  is  fired  by 
hand.  This  is  a  temporary  arrangement,  however,  as  the  boilers  are 
laid  out  and  set  with  a  view  to  the  use  of  mechanical  stokers,  which 
•will  probably  be  applied  in  the  near  future. 
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One  feature  of  this  station  whicli  is  considered  of  special  interest  is 
the  arrangement  of  the  piping,  which  is  laid  out  on  what,  for  want  of 
a  better  name,  the  author  has  termed  the  loop  system.  By  this  arrange- 
ment the  size  of  the  pipes  required  is  reduced  to  a  minimum,  and 
without  going  to  the  expense  of  providing  a  duplicate  set  of  pipes, 
steam  can  be  shut  off  of  any  portion  of  the  system  without  interfering 
"with  more  than  one  engine  or  its  equivalent  boiler  capacity.     As  this 


amount  of  spare  is  always  carried,  it  follows  that  any  i)ortion  of  the 
steam-piping  system  can  be  cut  out  without  interfering  with  the  opera- 
tion of  the  station,  and  the  object  of  a  duplicate  set  of  pij^es  is  thus 
accomplished  without  the  expense  of  duplicate  pipes  and  without 
occupying  the  space  required  for  them. 

The  main  steam  and  exhaust  piping  is  shown  in  plan  on  Fig.  11  and  in 
elevation  on  Fig.  12.  A  IG-in.  header  is  run  the  length  of  the  boiler-roonj 
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and  a  similar  header  is  run  the  length  of  the  engine-room  between  the 
two  rows  of  foundations,  and  parallel  to  the  boiler-room  header. 
These  are  the  largest  live-steam  pipes  used  and  there  will  be  none  larger, 
■even  when  the  Twenty-ninth  Street  side  of  the  station  is  complete 
and  the  entire  20  000  H.  P.  is  installed.  Each  of  these  headers  is 
divided  into  five  sections  by  means  of  four  gate-valves,  located  as 
«hown,  and  each  section  of  the  boiler-room  header  is  connected  to  the 


Fig.  10. 
corresponding  section  of  the  engine-room  header  by  a  14-in.  branch 
rising  from  the  top  of  one  and  discharging  into  the  top  of  the  other,  a 
valve  being  placed  on  each  end  where  a  connection  is  made  to  the 
header.  Each  boiler  has  an  independent  connection  to  the  boiler- 
room  header,  supplied  with  two  stop  valves,  one  in  the  customary 
position  just  beyond  the  safety  valves,  and  the  other  at  the  point  where 
the  pipe  enters  the  header.  This  second  valve  has  its  stem  extended 
through  the  wall  into  the  repair  shop,  so  that  in  case  of  trouble  any 
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"boiler  may  be  cut  out  from  a  room  having  no  communication  with  the 
boiler  house. 

Each  engine  on  the  east  side  of  the  engine-room  is  connected  to  one 
of  the  14-in.  branches  previously  mentioned,  while  outlets  are  left  on 
the  engine-room  header  for  connections  to  the  west  row  of  engines  as 
soon  as  they  are  placed  in  position.  In  case  any  section  of  the  engine- 
room  header  is  cut  out,  one  engine  connected  to  this  section  can  be  fed 
directly  from  the  14-in.  branch,  leaving  only  one  which  cannot  be  run, 
and  in  case  any  section  of  the  boiler-room  header  is  cut  out,  no  engine 
need  be  shut  down,  as  the  one  connected  to  the  li-in.  branch  can  be  fed 
back  from  the  engine-room  header.  One  14-in.  branch  may  at  any  time 
be  cut  out  without  interfering  with  the  supply  of  steam,  four  of  these 
branches  being  sufficient  to  furnish  ample  steam  for  all  requirements. 


Fig.  12. 

The  steam  pipe  for  the  exciter-engines  runs  from  the  north  section 
of  the  engine-room  header  around  through  the  exciter-room,  and  back 
to  the  south  section  of  the  same  header,  as  shown  in  Fig.  11.  This 
forms  another  complete  loop,  which  may  be  fed  from  either  end  in  case 
of  trouble  with  the  other,  or  from  both  ends  in  case  it  becomes  neces- 
sary to  cut  out  its  center. 

The  steam  pipe  for  the  pump-room  is  arranged  in  practically  the 
same  manner,  as  shown  in  Fig.  13,  except  that  in  this  case  the  loop  is 
fed  not  only  at  the  two  ends  but  also  at  three  intermediate  points,  the 
same  as  the  engine-room  loop. 

Another  special  feature  of  the  steam  piping  of  this  station  is  the 
•use  of  a  combined  separator  and  receiver,  shown  in  detail  in  Fig.  14, 
AS  close  to  each  engine  as  it  is  possible  to  place  it.     This  receiver  con- 
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tains  six  times  the  volume  of  the  high-pressure  cylinder  of  the  engine^ 
and  as  the  latest  cut-off  is  one-third  stroke,  it  follows  that  at  full  load 
there  is  at  the  engine  eighteen  times  the  volume  of  steam  required 
for  one  stroke.  This  reservoir  prevents  the  excessive  drop  in  presstire 
in  the  pipe  when  the  valve  of  the  engine  opens  and  a  corresponding 
rise  above  boiler  pressure  when  the  valve  closes,  and  keeps  a  prac- 
tically uniform  flow  of  steam  in  the  pipe  in  one  direction,  allowing 
the  use  of  smaller  pipes  than  would  otherwise  be  required,  and  doing 
away  almost  entirely  with  the  vibration  in  the  pipes  caused  by  the 
intermittent  flow  of  steam. 

Two  low  points  are  provided  in  the  steam  piping,  from  which  to 
take  any  condensation  that  may  be  deposited.     One  of  these  is  the 
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LOOKING  NORTH 


ELEVATION — LOOKING  WEST 
Fig.  13. 


pump-room  header,  and  the  other  a  drip  main  under  the  engine-room 
header  and  connected  to  each  of  its  sections. 

Steam  loops  from  both  these  points  take  all  condensation  and  re- 
turn the  water  to  the  boilers.  A  steam  loop  is  also  employed  to  return 
the  water  to  the  boilers  from  each  of  the  separators. 

Expansion  of  all  live-steam  pipes  is  provided  for  by  long  bends  and 
swinging  elbows,  no  expansion  joints  being  used.  The  boiler-room 
header  is  supported  by  long  hangers  from  the  under  side  of  the  coal 
bunker,  and  is  anchored  in  the  middle  of  its  length.  The  engine-room 
header  is  supported  in  cradles  resting  on  rollers  carried  on  i)iers,  and  is 
free  to  move  horizontally  in  any  direction.  The  vertical  portion  of 
each  14-in.  branch  connection  ia  provided  with  a  bracket  ell  at  the  bot- 
tom,   which    is   supported   from  a   pier  by   means  of  four  Ij-in.  set 
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screws,  so  adjusted  as  to  take  the  -weight  of  the  pipe  when  hot.  Hang- 
ers are  also  iirovided  at  the  upijer  end  of  each  of  these  vertical 
branches,  bnt  these  carry  no  strain  as  long  as  the  pipe  is  hot.     When 
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steam  is  shut  off  and  the  pipe  contracts,  the  weight  is  transferred  to 
the  hangers,  the  bottom  of  the  pipe  lifting  itself  clear  of  the  pier. 
This  arrangement  is  for  the  purpose  of  confining  the  movement  to  the 
lower  end  of  the  pipe,  where  provision  is  made  to  take  care  of  it. 
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All  pipes,  valves  and  fittings  carrying  live  steam  are  made  extra 
heavy  to  provide  for  150  lbs.  steam  pressure,  and  were  tested  and 
made  tight  under  300  lbs.  cold-water  pressure  after  being  erected  in 
place. 

The  exhaust  piping  contains  no  special  features  and  is  clearly 
shown  in  Figs.  11  and  12.  A  second  header  will  be  provided  for  the 
west  row  of  engines  similar  to  that  for  the  row  already  in  place,  and 
a  third  header  will  be  provided,  running  directly  to  the  condenser 
and  connected  to  all  the  engines  on  both  sides.  Any  engine  may  then 
be  run  either  condensing  or  non-condensing.     Fig.  15  shows  the  de- 
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tails  of  the  connection   of  the  free  exhaiist  to  heater  No.  2,  and  the 
details  of  the  floor  beam  system  in  the  north  end  of  the  pump  room. 

Fig.  l(j  shows  the  feed  and  blow-oft"  lines.  On  the  feed  lines  it  will 
be  seen  that  the  loop  system  has  again  been  employed.  The  mains 
make  a  complete  closed  loop  in  the  center  of  the  boiler-room,  from 
which  the  boilers  are  fed  on  either  side.  This  loop  is  fed  at  either 
end,  the  water  to  reach  one  end  having  to  i^ass  through  the  heaters 
and  going  directly  to  the  other  end.     An  inspection  of  the  illustration 
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•«ill  show  laow  any  section  of  tliis  system  may  be  cut  out  without 
shutting  down  more  than  one  boiler. 

Although  provision  is  made  in  this  station  for  the  switchboard  and 
all  the  accompanying  apparatus,  the  switchboard  room  of  the  old. 
Twenty-ninth  Street  station  has  thus  far  been  used,  as  it  is  advisable 
to  have  both  boards  in  close  communication  while  both  stations  are 
running  and  circuits  frequently  transferred  from  one  station  to  the 
other. 

The  lead  wires  from  the  machines  consist  of  lead-armored  cables 
run  in  iron  ducts  directly  from  each  dynamo  to  its  panel  on  the 
dynamo  board.  On  this  board  each  alternator  as  well  as  each  exciter 
has  its  own  panel  equipped  with  the  customary  appliances,  including 
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volt  meter,  ammeter,  rheostat,  fuse  blocks,  switches,  etc.  From  each 
l^anel  on  this  board  connection  is  made  to  a  separate  pair  of  buss  bars 
on  the  back  and  running  the  length  of  the  feeder  board,  and  here  each 
circuit  has  a  sej^arate  panel  equipped  with  a  volt  meter,  ammeter,  con- 
tinuous registering  meters,  etc.  At  a  convenient  height  on  each  panel 
is  situated  a  double-pole  dynamo  change-switch  with  the  circuit  lead- 
ing out  from  the  center  and  two  flexible  cables  connected  to  each  end. 
These  cables  can  be  plugged  in  on  any  pair  of  buss  bars  and  a  circuit 
transferred  from  one  dynamo  to  another  by  a  single  throw  of  the 
switch.  From  the  center  of  these  switches  the  circuits  run  to  a  third 
board  called  the  cable  terminal  board,  where,  after  passing  through 
'  fuse  blocks  and   a  second  set  of  switches  used  for  transferring  any 
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circuit  from  its  own  panel  to  a  spare  panel  provided  in  case  it  is 
desirable  at  any  time  to  cut  any  feeder  panel  dead,  connection  is 
made  to  the  ends  of  the  cables,  which  extend  down  through  the  floor 
and  out  to  the  subways.  The  entire  distribution  system  is  under- 
ground, and  occupies  about  150  miles  of  ducts.  The  voltage  is  re- 
duced to  any  desired  pressure  by  means  of  converters  placed  in  con- 
venient locations,  usually  in  vaults  under  the  sidewalk.  Continuous 
registering  meters  are  employed  to  determine  the  amount  of  current 
consumed;  they  are  of  the  Shallenberger  type. 

This  station  has  been  in  constant  operation  since  September  23d, 
1895,  when  it  was  first  started  up,  and  the  load  on  it  has  been  con- 
tinually growing  heavier,  as  circuit  after  circuit  has  been  cut  over 
from  the  old  system  to  the  new.  So  far  everything  has  operated  in  an 
entirely  satisfactory  manner,  and  none  of  the  difficulties  and  annoy- 
ances usually  incident  to  the  starting  up  of  a  large  plant  have  been 
experienced. 

The  author  submits  this  paper  with  the  belief  that  in  this  station 
are  embodied  a  number  of  features  somewhat  unusual  in  central 
station  design,  and  he  will  be  pleased  to  discuss  in  more  detail  any 
special  points  which  may  be  of  interest  to  the  members  of  the  Society. 
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Chari.es  E.  Emery,  M.  Am.  Soc.  C.  E.— The  details  of  the  plant  de-  Mr.  Emery. 
scribed  in  the  paper  show  close  study.  While  the  larger  work  of  the 
New  York  Steam  Company  was  available,  so  far  as  the  boiler  plant  is 
concerned,  none  of  its  general  features  were  copied.  There  are  details 
of  steam  engineering  practice  which  are  common  propei-ty,  but  were 
perhaps  never  assembled  until  the  steam  company's  plant  was  built. 
The  author  has  combined  these  details  in  new  and  very  satisfactory 
forms,  and  has  employed  the  precautions  which  are  necessary  in  case 
they  are  used,  so  that  the  paper  will  bear  study  as  to  the  proper 
methods  of  overcoming  difficulties  in  the  construction  of  a  plant  of 
this  kind. 

The  station  of  the  New  York  Steam  Company  was  probably  the  first 
in  which  the  boilers  were  placed  in  tiers,  one  above  the  other.  This 
has  become  the  established  practice  for  stations  near  the  central  part 
of  a  city  where  land  is  vei*y  expensive,  although  not  to  the  extent  of 
placing  the  boilers  in  four  tiers  as  in  the  steam  company's  plant. 
Water-tube  boilers  of  the  Babcock  and  Wilcox  type  were  installed,  and 
the  heating  surfaces  were  undoubtedly  as  close  together  as  they  could 
be  arranged  by  any  plan,  although  it  does  not  follow  that  other  boilers 
are  not  available  for  central  station  work.  The  heating  surface  of  the 
Morrin  boiler  used  in  the  plant  referred  to  in  the  paper  is  extended 
vertically  to  give  the  power,  and  a  simple  smoke  pipe  can  be  put  on 
each  boiler  or  a  number  combined,  as  in  the  T^venty-eighth  Street 
station.  The  steam  company's  station  was  built  originally  to  furnish 
16  000  H.  P.  from  the  entire  plant,  but  that  capacity  was  actually 
obtaiued  with  the  boilers  on  three  floors  and  a  few  on  the  fourth,  be- 
cause they  were  run  above  their  rated  capacity.  These  figures  refer  to 
IG  000  H.  P.  with  30  lbs.  of  water,  while  the  rating  of  30  000  H.  P.  on 
the  steamship  Lucania  is  on  the  basis  of  about  15  lbs.  of  water,  so  that, 
on  the  latter  rating,  the  steam  station  has  a  capacity  of  about  32  000 
H.  P.  and  will  have  more  when  the  fourth  tier  is  filled  out.  It  is 
therefore  the  largest  single  installation  of  boilers  ever  made. 

The  system  of  steam  pipes  adopted  by  the  author  is  practically  that 
used  in  the  distribution  of  water  and  gas  in  cities.  It  is  unnecessary 
to  make  the  pipe  in  each  street  large  enough  to  feed  the  whole  adjoin- 
ing district.  By  sending  the  supply  through  several  jiipes,  it  is  pos- 
sible to  feed  around  a  break  at  any  point  just  as  is  practiced  in  the 
method  of  electric  distribution  of  the  Edison  system.  The  method  has 
been  well  worked  out  by  the  author,  and  enables  any  single  boiler  or 
engine  to  he  cut  out  while  keeping  the  pipes  small.  The  loop  system 
of  feed  pijjes  is  perhaps  not  so  novel.     In  the  construction  of  the  steam 
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Mr.  Emery,  company's  station,  it  was  considered  unnecessary  to  have  the  complete 
dui3lication  of  pipes  which  is  now  generally  adopted,  but  what  is  called 
a  donkey  system  in  marine  engineering  was  installed  instead.  A  6-in. 
connection  was  made  at  the  rear  of  each  250  H.  P,  boiler,  which  fur- 
nished steam  for  the  pumps  and  other  accessories.  By  increasing  the 
boiler  pressure,  steam  could  be  taken  through  the  back  pipes  and  fed 
to  the  street  mains,  as  the  boilers  were  of  ample  strength  to  carry  the 
additional  pressure.     This  was  done  on  several  occasions. 

In  the  electric  light  stations  designed  by  the  engineers  of  the  Edison 
Electric  Illuminating  Company  of  New  York  City,  the  speaker  recom- 
mended for  the  engines  a  foundation  isolated  from  the  building.  This 
plan  had  been  followed  by  the  pi-esident  of  the  company  in  his  house, 
where  the  foundation  was  placed  on  a  bed  of  sand  and  did  not  produce 
vibrations  in  the  building  or  in  the  adjoining  houses.  Owing  to  the 
success  of  this  small  plant  it  was  recommended  in  the  uptown  stations, 
with  certain  features  adapted  to  the  locations.  The  rock  was  excavated 
to  the  necessary  depth  and  covered  with  a  few  inches  of  sand  support- 
ing a  mass  of  masonry  and  concrete  to  which  the  engines  were  bolted. 
This  isolated  foundation  vvas  nearly  the  full  size  of  the  building,  but 
sejjarated  completely  from  the  walls  and  columns.  The  aim  was  to 
avoid  noise  more  than  jarring,  and  the  results  were  satisfactory,  as  has 
also  been  the  case  with  the  author's  method  of  anchoring  his  engines 
to  the  bed  rock. 

The  saving  of  room  in  the  Twenty-eighth  Street  station  is  due  in 
part  to  the  increase  in  the  size  of  units.  In  the  design  of  dynamos 
and  electric  generators  there  is  great  economy  due  to  making  them  in 
large  units.  The  generators  in  this  station  were  regarded  with  doubt 
by  some  engineers  before  they  were  tested  at  the  Columbian  Exposition 
by  the  speaker,  as  chairman  of  a  committee  of  the  judges  in  the  De- 
partment of  Electricity,  l)ut  the  test  was  highly  satisfactory,  and  the 
engines,  notwithstanding  their  large  size,  ran  regularly  at  the  remark- 
able speed  of  200  revolutions  per  minute.  The  steeple  form  of  engine 
will  operate  on  less  floor  space  than  a  double  engine,  but  the  latter  has 
advantages  which  will  probably  cause  it  to  be  used  more  than  the 
single  stee2)le  form. 

Another  improvement  adopted  in  the  plant  has  a  marked  influence 
on  the  economy  of  electric  distribution.  It  is  known  that  the  output 
through  a  certain  set  of  conductors  is  proportioned  to  the  square  of 
the  voltage.  In  this  station  the  generators  were  wound  originally  for 
2  000  volts,  but  they  were  rewound  after  the  close  of  the  Columlnan 
Exposition,  and  the  increased  voltage  enables  the  current  to  be  distri- 
buted over  the  entire  city  without  much  loss  of  j)res8ure.  The  gener- 
ators in  the  old  station  are  wound  for  only  1  000  volts,  and  give  less 
than  one-fourth  the  amount  of  electric  energy  over  the  same  conduct- 
ors as  the  new  plant.     This  increase  in  capacity,  due  to  higher  voltage. 
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may  be  sufficient  in  itself  to  earn  dividends,  where,  perhaps,  they  could  Mr.  Emery, 
not  be  obtained  under  the  old  conditions. 

The  method  of  handling  coal  and  ashes  in  the  aiithor's  plant,  when 
compared  with  that  in  the  station  of  the  New  York  Steam  Company, 
shows  the  marked  improvement  in  such  practice  whicli  has  been  made 
in  recent  years.  When  the  latter  station  was  built,  the  coal  conveyor 
used  so  successfully  in  many  recent  electric  light  plants  had  not  been 
brought  out.  In  the  steam  station  coal  is  dumped  into  cars  at  the  side- 
walk level,  the  cars  are  run  back,  raised  by  an  elevator,  run  over  the 
coal  bins  and  dumped.  The  ashes  are  collected  in  the  basement  in 
similar  cars,  run  to  the  rear,  raised  on  the  elevator  and  dumped  down 
an  ash  chute.  The  system  of  conveyors  in  use  at  the  Twenty-eighth 
Street  station  is  an  improvement  over  this  plan,  as  it  is  operated  with 
fewer  employees. 

George  R.  Hardy,  M.  Am.  Soc.  C.  E. — The  modern  character  of  Mr.  Hardy, 
the  plant  described  in  the  jjaper,  as  respects  boilers,  piping,  sepa- 
rators, engines,  generators  and  the  storage  and  handling  of  fuel,  and 
the  assured  success  of  such  a  compact  installation  on  a  plot  of  ground 
containing  32  000  sq.  ft.,  or  1.6  sq.  ft.  per  horse  power,  command 
attention.  As  a  unit  for  comparison,  the  engine  and  its  generator  may 
be  taken.  The  32  000  sq.  ft.  to  be  occupied  by  sixteen  such  units 
provides  2  000  sq.  ft.  for  each,  inclusive  of  the  proper  proportion  of 
space  occupied  by  boilers,  exciters  and  other  accessory  apparatus. 
The  plan  shows  that  the  coal  storage  area  over  the  boilers  measures 
about  12  000  sq.  ft.  for  a  total  capacity  of  6  000  tons,  which  is  equiva- 
lent to  a  load  of  half  a  ton  per  square  foot.  This  area  is  usually 
exceeded  in  railway  coal  stations,  although  in  some  of  the  larger 
stations  of  40  000  or  50  000  tons  capacity  it  is  about  the  same.  The 
total  horse  power  represents,  after  allowing  for  exciters,  1  200  H.  P. 
for  each  unit,  and  is  delivered  to  the  generator  without  any  loss  of 
power  incident  to  the  use  of  belting.  A  comparison  of  this  station 
with  the  old  plant  on  Twenty-ninth  Street  shows  that  a  unit  in  the 
new  station  occupies  only  31^o  ^^  much  area  as  in  the  old.  The 
speaker  doubted  if  more  compactness  per  horse  power  could  be  shown 
outside  of  marine  engines. 

With  respect  to  railways  this  plant  offers  suggestive  comparisons. 
Railways  are  frequently  compared  with  reference  to  length,  but  their 
ratio  of  equijiment  is  also  a  matter  oC  much  importance.  Locomotives 
demand  the  first  attention.  Although  they  vary  widely  in  efficiency, 
few  roads  of  large  extent  are  to-day  without  advanced  types  of  engines 
combining  points  of  dimensions  and  usefulness  closely  approximating 
the  units  of  the  author's  station.  The  newer  engines,  being  more  com- 
plete, are  put  in  the  hardest  service,  while  the  older  ones  are  dis- 
triV)uted  over  the  lines  for  the  lighter  service  better  fitting  their 
capacity.     When  the  engines  are  housed  the  laud  required  measures 
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Mr.  Hardy,  about  the  same  for  engines  as  the  land  per  unit  at  the  Twenty  eighth 
Street  Station,  not  allowing  any  space  for  bridges  or  other  structures. 
An  engine-house  recently  designed;  which  contains  34  stalls,  would 
require  the  purchase  of  a  square  lot  containing  70  756  sq.  ft.,  2  080  sq. 
ft.  per  stall,  or  about  the  same  area  per  unit  as  in  the  author's  central 
station. 

The  accompanying  table  giyes  a  statement  of  leading  data  relatiye 
to  the  Columbian  steeple  compound  engine,  and  three  locomotiyes, 
viz.,  the  Schenectady  consolidation,  the  New  Haven  consolidation  and 
the  New  York  Central  No.  999  type: 


New  York,  New  I 
Columbian.    Schenectady.        Haven  and       New  York  Central. 
Hartford. 


Weight,  pounds I  200  000  189  100 

Cylinder,  diameter,  inches |  21J,  37  21 

"         stroke,  inches 22  26 

Steam  pressure,  pounds 150  170 


234  850 

201  000 

•21 

19 

26 

24 

180 

190 

The  weights  are  for  locomotives  and  tenders.  The  heating  surface 
provided  for  each  Columbian  engine  is  9  000  sq.  ft.,  and  that  of  the 
Schenectady  consolidation  locomotive  is  2  124  sq.  ft. 

Eailways  command  such  different  facilities  for  securing  fuel  that 
no  constant  supply  can  be  assumed,  and  even  on  a  single  line  the  pro- 
visions vary  with  circumstances.  Some  lines  near  collieries,  or  located 
so  as  to  obtain  coal  conveniently,  will  carry  less  than  a  week's  sujiply, 
while  other  lines  provide  storage  capacity  for  several  months'  con- 
sumjition.  The  coal  bins  on  one  road  are  often  furnished  with  a 
supply  for  a  year.  The  electric  light  station  described  in  the  paper, 
which  has  water  facilities,  ought  to  have  a  storage  capacity  for  thirty 
days.  This  would  indicate  that  the  designer  anticipated  a  consump- 
tion of  200  tons  a  day  when  running  the  station  near  its  full  capacity, 
thereby  averaging  12 i  tons  per  unit  daily.  If  it  is  conceded  that  the 
economy  of  a  plant  of  this  type  with  compound  engines  is  such  that 
only  half  as  much  coal  per  horse  power  is  used  as  is  consumed  and 
wasted  by  a  locomotive,  then  each  unit  will  furnish  as  much  power  as 
a  locomotive  using  25  tons  of  coal.  Locomotives  using  three  tons  a 
day  would  compare  with  the  station  unit  as  eight  to  one,  which  makes 
the  work  done  at  the  station  under  full  load  equivalent  to  the  work  of 
128  locomotives. 

Some  recent  tests  of  consolidation  locomotives  having  96  000  lbs. 
on  the  drivers,  and  weighing  185  500  lbs.  with  the  tenders,  show  that 
800  H.  P.  was  the  greatest  amount  developed.  Where  these  locomo- 
tives worked  on  heavy  adverse  grades  for  27  miles,  with  an  average 
resistance  of  10  2.50  lbs.,  these  same  tests  show  that  the  average  horse 
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power  in  that  distance  did  not  exceed  400,  and  the  down  grades  on  the  Mr.  Hardy, 
remainder  of  the  run  would  probably  reduce  the  work  done  50%, 
making  it  200  H.  P.  The  conditions  are  approximately  paralleled  in 
the  electric  light  station  where  a  maximum  output,  doing  most  of  its 
work  in  seven  hours,  nevertheless  averages  for  24  hours  about  25%  of 
the  highest  output. 

Tests  with  a  17  x24-in.  passenger  locomotive  hauling  a  train  weigh- 
ing about  224  000  lbs.  gave  the  following  results: 


Ppeed,  miles  per  hour. . 
Boiler  pressure,  pounds 
Indicated  horse  power  . 


An  electric  railway  service  of  thirty  10-ton  cars  running  with  fre- 
quent stops  requires  about  16f  H.  P.  per  car.  This  would  indicate 
ajiparently  that  about  670  H.  P.  is  needed  for  a  train  of  the  usual  size, 
but  the  service  of  the  electric  roads  has  such  frequent  stops  and  ad- 
verse grades  that  the  same  load  can  probably  be  moved  over  a  steam 
road  with  an  expenditure  of  not  over  two-thirds  this  amount. 

By  means  of  a  diagram  showing  the  position  in  respect  to  time  of 
the  134  passenger  and  freight  trains  on  a  certain  schedule,  it  can  be 
shown  that  in  no  case  are  there  over  22  trains,  16f/o  ot  ^^^  total  num- 
ber, on  the  road  at  the  same  time.  Assuming  that  each  train  requires 
440  H.  P.,  the  total  will  be  11  000  H.  P.,  about  half  the  capacity  of  the 
electric  plant  described  in  the  liajier.  As  the  allowance  of  440  H.  P. 
is  somewhat  in  excess  of  the  actual  power  as  determined  by  tests,  it 
would  seem  that  half  the  units  of  the  electric  lighting  station  would 
furnish  sufficient  power  to  operate  such  a  division  of  standard  steam 
railway,  and  the  station  would  accordingly  have  a  duplicate  set  of 
units  for  emergencies.  If  these  eight  units  were  located  one  in  every 
10  miles  they  would  provide  for  128  trains  daily  on  a  division  80  miles 
long,  and  would  consume  100  tons  of  coal,  half  the  quantity  men- 
tioned previously. 

E.  E.  RcssELL  Tratmax,  M.  Am.  Soc.  C.  E. — The  aiithor  refers  to  Mr.  Tratman. 
the  importance  of  economizing  in  space  occupied,  whore  land  is  so 
valuable  as  it  is  in  New  York,  so  it  would  be  of  interest  to  know 
whether  any  consideration  was  given  to  the  question  of  erecting  a 
building  for  manufacturing  or  office  purposes,  which  would  be  a  remu- 
nerative investment,  as  well  as  for  jjower  purposes.  The  location  at 
Twenty-eighth  Street,  near  the  East  River,  is  probably  not  a  suitable 
one  for  an  office  building,  but  may  be  adapted  for  certain  industries, 
power  for  which  could  bo  furnished  by  the  electric  jilant.  The  plans 
do  not  indicate  any  provision  for  an  extension  of  this  kind.  The 
Metropolitan  Traction  Company  of  New  York  has  erected  a  large  office 
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Mr.  Tratinan.  building  over  its  power  plant  at  Houston  Street  and  Broadway,  and 
the  speaker  had  not  noticed  any  sound  or  vibration  from  the  machinery 
in  the  basement  On  the  other  hand,  the  Third  Avenue  Railroad 
Company  in  the  same  city  has  a  large  one-story  power  house  on  the 
Bowery,  which  is  of  somewhat  massive  appearance,  and  gives  the  im- 
pression that  it  is  intended  to  form  eventually  the  lower  part  of  a  tall 
building. 

In  regard  to  preventing  the  transmission  of  vibration  due  to  the 
machinery,  there  have  been  cases  where  trouble  has  occurred  from  the 
vibration  being  transmitted  through  the  foundations  and  the  rock 
upon  which  they  rest  to  some  considerable  distance.  This  has  neces- 
sitated the  introduction  of  some  form  of  cushioning  in  the  engine 
foundations  by  means  of  asphalt,  timber,  etc.  In  this  case  no  such 
cushioning  seems  to  have  been  considered  necessary,  owing,  perhaps, 
to  the  easy -running  qualities  of  the  engine  used. 

The  nest  of  closely  packed  loops  of  small  tubes  through  which  the 
water  circulates  in  the  boilers  would  seem  to  make  it  imperatively 
necessary  to  purify  the  feed  water,  concerning  which  the  author  is 
silent,  since  the  cleaning  and  renewing  of  the  tubes  and  the 
locating  of  any  defective  or  leaky  tube  must  be  a  matter  of  con- 
siderable diflBculty.  While  boilers  of  this  kind  are  in  somewhat 
extensive  use,  the  speaker  had  a  certain  prejudice  in  favor  of  a  type 
giving  greater  accessibility  for  insj)ection,  cleaning  and  repairs. 

The  increasing  number  of  accidents  from  the  bursting  of  steam 
main  pipes  and  the  serious  results  of  many  such  accidents  led  the 
speaker  to  inquire  what  material  is  used  for  the  steam  piping  and 
elbows  in  this  j^lant,  and  what  provision,  aj^art  from  the  receiver  or 
steam  chamber  shown  in  Fig.  14,  has  been  made  to  ensure  against  the 
water  hammer  which  seems  to  have  been  considered  as  the  most  com- 
mon cause  of  the  failure  of  such  pipes.  The  position  of  stop  valves 
operated  from  outside  the  boiler  room  is  a  wise  precaution,  and  it 
is  encouraging  to  read  of  the  careful  way  in  which  the  pijjing  system 
has  been  designed,  as  this  is  a  detail  in  steam  plants  which  is  too  often 
given  but  slight  attention,  and  is  too  often  defective  in  efficiency  and 
safetv. 


CORRESPONDENCE    ON   ELECTRIC    CENTRAL   STATION.         457 

CORRESPONDENCE. 


H.  W.  YoBK,  Jun.  Am.  Soc.  C.  E.— The  question  of  erecting  a  build-  Mr.  York, 
ing,  the  upper  floors  of  which  could  be  used  for  manufacturing  pur- 
poses,was  taken  into  consideration  at  the  time  the  station  was  designed, 
but  there  were  several  reasons  which  made  it  appear  unadvisable  to 
carry  out  this  construction.  On  account  of  the  height  of  the  boilers 
and  the  space  occupied  by  the  coal  bunker,  the  engine-room  would  be 
the  only  portion  of  the  building  over  which  it  would  be  practicable  to 
construct  lofts.  As  this  room  is  74  ft.  5  ins.  between  walls,  it  would 
be  very  expensive  to  provide  floors  over  this  space  strong  enough  for 
manufacturing  purposes,  unless  the  girders  were  supported  by  inter- 
mediate posts, which  would  interfere  with  the  space  in  the  engine-room 
and  make  it  impossible  to  span  the  entire  room  with  one  crane- 
Again,  on  account  of  the  advisability  of  keeping  the  front  of  the  build- 
ing closed  tight,  it  was  necessary  to  depend  almost  entirely  for  light 
and  ventilation  on  what  could  be  obtained  from  overhead,  and  if  this 
were  cut  oflf  it  would  have  become  necessars-  to  provide  mechanical 
ventilation  and  use  artificial  light  at  all  times.  Various  other  ques- 
tions also  entered  into  the  consideration,  tending  to  strengthen  the 
conclusion  that  it  would  not  be  advisable  to  try  to  construct  a  build- 
ing for  anything  more  than  the  company's  own  purposes. 

The  question  of  cushioning  the  engines  is  one  that  was  studied 
very  carefully,  and  all  the  data  on  this  subject  which  could  be  obtained 
were  gone  over  thoroughly.  The  conclusion  reached  was  that  while 
cushioning  between  the  sides  of  an  engine  foundation  and  the  adjacent 
foundations  of  a  building  serves  very  well  to  prevent  any  lateral  trans- 
mission of  the  vibration,  attempting  to  cushion  under  a  large  engine  is 
apt  to  increase  vibration  rather  than  diminish  it,  and  is  also  liable  to 
cause  serious  trouble  by  allowing  the  engine  to  get  out  of  line  if  the 
material  is  not  thoroughly  confined.  In  case  the  danger  of  throwing 
the  engine  out  of  line  is  avoided,  it  then  becomes  a  case  of  taking  up 
not  only  the  vibration  due  to  the  moving  parts,  but  also  that  due  to 
the  entire  engine  vibrating  on  the  cushion. 

While  cushioning  in  some  instances  may  prove  effective,  the  author 
is  decidedly  of  the  opinion  that  the  better  method,  in  most  cases,  is  to 
provide  a  foundation  heavy  enough  to  take  up  all  shock,  and  then 
fasten  the  engine  to  this  as  firmly  as  possible. 

This  opinion  is  certainly  borne  out  by  the  results  in  the  case  in 
question. 

There  has  been  no  attempt  made  in  this  station  to  purify  the  feed 
water,  Croton  water  being  used  just  as  it  comes  from  the  mains. 
While  it  possibly  requires  a  little  more  attention  to  keep  a  bent-tube 
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Mr.  York,  boiler  clean  than  a  straiglit-tube  boiler,  there  is  no  clifiBculty,  at  least 
where  Croton  water  is  used,  in  keeping  them  in  good  shape  without 
taking  any  extraordinary  precautions,  such  as  purifying  the  feed 
water.  Although  the  tubes  seem  to  be  very  closely  intertwined  they 
are  all  easily  accessible,  and  any  tube  can  be  readily  replaced  in  a 
couple  of  hours. 

The  steam  pipe  used  in  the  plant  is  all  full  weight  lap-welded  iron 
pipe  with  the  excei^tion  of  the  two  16-in.  headers,  which  are  built  of 
steel  boiler  jilate.  The  valves  and  fittings  are  all  cast  iron,  but  are 
made  extra  heavy  to  provide  for  the  pressure  carried. 

The  i^rovision  made  to  ensure  against  water  hammer  is  the  only 
provision  that  can  be  relied  upon  to  accomiDlish  the  purpose,  viz., 
to  make  it  impossible  for  a  quantity  of  Avater  to  collect  anywhere  in 
the  system.  This  result  is  obtained  in  this  station  by  haAT.ng  all  pipes 
drain  in  the  direction  of  the  flow  of  steam  to  low  points  from  which 
the  water  is  removed  as  fast  as  it  collects  and  returned  to  the  boilers 
by  means  of  steam  loops.  So  thoroughly  has  this  system  been  car- 
ried out  that  when  steam  was  first  put  on  the  cold  pipes  there  was  not 
a  sound,  not  even  a  snap  or  a  crack  anywhere.  The  author  is  aware 
of  the  fact  that  steam  pipes  are  often  considered  to  be  extremely 
dangerous,  tricky  and  liable  to  fill  up  with  water  and  burst  without 
any  provocation,  but  it  has  been  his  experience  that,  if  given  half  a 
chance,  they  are  not  only  safe,  but  less  troublesome  than  almost  any 
other  portion  of  the  apparatus  of  a  power  station. 
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WITH  DISCUSSION. 


As  an  introduction  to  what  follows,  it  would  seem  well  to  describe 
briefly  the  chief  conditions  met  under  the  surface  in  the  parts  of  New 
York  City  where  the  high  buildings  recently  constructed  and  proposed 
are  situated.  To  this  end  a  map  of  the  city  below  Twenty -third  Street 
is  given  in  Fig.  1,  which  shows  the  principal  topographical  features 
of  that  territory  before  it  was  built  upon.  The  dotted  portions  near 
the  shore  line  show  the  made  land,  which  it  will  be  noticed  is  gen- 
erally from  one  to  two  blocks  in  width.  This  map  shows  that  Broad 
Street  to  above  Exchange  Place  and  Maiden  Lane  to  Nassau  Street 
occupy  what  were  formerly  inlets  from  the  East  River,  and  that  there 
were  ponds  east  and  north  of  City  Hall  Square.  There  seems  to  have 
been  a  natural  waterway  practically  all  the  way  from  the  North  River 
following  about  the  line  of  Canal  Street  and  into  Collect  Pond,  and 
from  thence  to  the  East  River  near  Chambers  Street.  Notice  should 
be  taken  also  of  the  location  of  Minetta  Stream,  which  was  formed 
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near  the  present  junction  of  Eleventh  Street  and  Sixth  Avenue.  This 
stream  flowed  through  what  is  now  Washington  Square  and  into  the 
Hudson  a  little  below  Houston  Street.  The  lines  indicating  eleva- 
tions must  not  be  allowed  to  mislead;  in  many  cases  the  compara- 
tively elevated  portions  are  land  made  by  the  processes  of  Nature  in 
comparatively  recent  times,  it  being  rather  the  exception  in  the  lower 
part  of  the  island  to  find  other  than  a  drifted  or  deposited  material 
within  the  distance  below  the  surface  at  which  the  foundations  of 
buildings  are  usually  built.  This  upper  material  is  mud,  silt,  sand, 
usually  from  fine  to  very  fine,  and  sometimes  gravel.  The  hard  stratum 
below  it,  where  not  rock,  is  generally  an  exceedingly  firm  and  compact 
surface  of  silt,  clay  and  gravel  containing  stones  of  various  sizes, 
which  is  generally  called  hard-pan.  This  is  so  hard  that,  in  reports 
on  the  borings  taken  to  ascertain  the  nature  of  the  underground  mate- 
rial about  the  city,  it  has  generally  been  referred  to  as  rock.  The  so- 
called  bed-rock  in  the  profile  prepared  for  the  proposed  rapid  transit 
tunnel  road  is  this  material,  in  all  probability,  in  lower  Broadway. 
In  its  natural  condition  in  place  it  is  so  hard  that  for  all  the  weights 
that  can  come  on  it  through  the  construction  of  buildings  it  may  be 
considered  absolutely  unyielding.  It  cannot  be  dug  up  except  by 
pick  or  chisel,  and  in  large  excavations  can  be  best  loosened  by  blast- 
ing. It  may  be  well  to  state  here  that  in  the  case  of  the  Manhattan  Life 
Insurance  Building,  the  weight  of  which  is  borne  on  fifteen  caissons 
proportioned  to  carry  a  pressure  at  their  bases  of  10.8  tons  per  square 
foot,  some  of  them  rest  on  solid  rock  and  some  on  the  compact  stratum 
mentioned,  and  that  not  the  slightest  settlement  can  be  discovered. 
As  to  its  safe  bearing  capacity,  there  can  be  no  question  but  that  it  is 
well  in  excess  of  what  under  the  jji'esent  building  law  may  be  put 
upon  it  by  means  of  a  concrete  base,  150  lbs.  per  square  inch  or  10.8 
tons  per  square  foot. 

As  the  thoughtful  engineer  views  the  building  methods  prevailing 
to-day,  it  would  seem  to  him  that  there  is  perhaps  no  kind  of  con- 
struction where  the  force  of  habit  has  so  disastrously  hampered  a 
proper  and  quick  readjustment  to  new  conditions.  Buildings  of  the 
heights  usual  until  recently  seldom  put  upon  the  earth  sujjporting 
them  weights  greater  than  3  or  4  tons  per  square  foot,  and  generally 
much  less  than  this.  The  weiglits  were  distributed  and  spread  with- 
out difficulty  by  the  common  methods  that  had  always  been  used.     Of 
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course  there  was  occasionally  some  particular  case  sometimes  treated 
in  an  exceptional  manner,  but  these  were  never  important  or  numeroiis 
enough  to  bring  about  any  radical  change,  either  in  the  general  careless- 
ness with  which  the  matter  of  foundations  of  buildings  was  considered. 


or  rather  not  considered,  or  in  the  method  of  constructing  them.  Nor 
was  this  necessary,  because  the  earth  held  reasonably  well  the  build- 
ings built  upon  it,  and,  too,  the  cost  and  probable  life  of  the  bxiildiugs 
did  not  warrant  a  greater  expenditure  iipou  the  foundations.     The 
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weight  upon  the  soil  did  not  compress  it  to  such  a  degree  as  to  cause 
serious  settlement,  nor  did  it  put  the  material  under  a  pressure  which 
would  press  it  outward  or  upward  if  given  an  opportunity  by  a  near- 
by excavation.  "With  the  sudden  doubling  of  the  usual  height  of 
buildings,  and  the  consequent  great  increase  of  weight,  the  old  founda- 
tion methods  became,  in  many  cases,  entirely  inadequate.  If  pursued, 
serious  settlement  was  invited  from  overloading,  and  the  danger  of 
letting  down  the  underlying  material  by  lateral  flow  became  consider- 
able. In  fact,  the  problem  of  foundations  for  a  heavy  building,  where 
they  are  not  carried  to  rock  or  hard-pan,  has  now  become  (and  this 
fact  seems  to  be  strangely  overlooked)  one  very  largely  of  what  vent 
may  be  given  for  the  underlying  material  by  excavations  in  the  vicinity. 
It  is  not  sufficient  that  the  weight  put  upon  the  soil  should  not  be  so 
great  as  to  cause  serious  settlement.  Under  the  conditions  existing 
this  is  not  generally  difficult,  but  the  material  must  not  be  put  under 
a  pressure  that  will  cause  it  to  squeeze  out  from  below  in  case  an  oppor- 
tunity is  afforded  by  deep  excavations  nearby.  It  will  become  appar- 
ent ere  long  that  the  erection  of  heavy  buildings  resting  upon  sand 
or  soil,  which  they  unduly  overload,  without  carrying  theii-  founda- 
tions on  piles  or  to  solid  material,  has  in  many  cases  worked  a  serious 
wrong  to  owners  of  the  adjoining  lots,  besides  being  itself  a  short- 
sighted economy,  because  of  trouble  and  lessened  value  of  the  build- 
ings so  built.  For  instance,  the  author  knows  of  one  building  of  great 
weight,  a  very  excellent  and  costly  structure  with  a  carefully  built 
foundation,  which,  however,  rests  simply  upon  the  fine  sand  into  which 
it  has  settled  slightly.  This  settlement,  as  was  anticipated,  has  been 
uniform  and  has  caused  no  damage,  but  the  owners  are  aware  of  the 
danger  of  serious  or  disastrous  settlement  that  may  take  place  from 
the  operations  of  putting  in  foundations  of  buildings  in  the  neighbor- 
hood, even  though  at  a  considerable  distance  from  them,  for  at  no 
great  depth  below  their  footings  there  is  material,  if  it  be  like  that  re- 
vealed by  the  nearby  operations,  which  would  be  likely  to  squeeze  out 
under  the  existing  pressure,  if  given  a  vent,  especially  if  at  the  same 
time  there  is  any  exciting  cause  from  jarring  or  pumi)iug.  The  shor- 
ing and  underpinning  of  such  a  building,  while  jjossible,  would  be 
vastly  more  difficult  and  costly  than  for  a  building  of  but  a  few  stories' 
height.  It  would,  for  instance,  cost  probably  more  than  SlOO  (KK)  to 
care  proi)erly  for  the  building  in  question  when  the  property  adjoin- 
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ing  is  built  upon,  unless  the  height  of  the  new  building  were  kept 
considerably  below  what  would  now  be  the  height  of  the  most  suitable 
improvement  of  the  property.  Under  the  present  building  law,  when  a 
structure  is  built  alongside  another  and  this  latter  has  its  foundations 
not  less  than  10  ft.  below  the  street  surface,  the  responsibility  and  cost 
of  caring  for  the  old  building  must  be  borne  by  the  owners  of  the  new 
adjoining  one.  Thus  in  the  case  just  cited,  when  the  property  along- 
side the  building  mentioned  is  adequately  improved,  the  builders 
have  to  grapple  with  the  problem  of  supporting  and  probably  build- 
ing a  new  foundation  under  this  building.  Thus  the  fact  that  this 
building,  while  conforming  to  the  building  laws,  has  put  the  soil  be- 
neath it  under  unusually  great  pressure,  will  cost  the  owners  of  the 
adjoining  lots  at  least  SlOO  000,  beside  any  damage  that  they  may  cause 
the  old  building.  The  question  very  forcibly  jjresents  itself,  whether 
in  the  absence  of  specific  statutes  on  the  subject,  the  common  law 
cannot  and  should  not  be  invoked  to  prevent  any  owner  from  putting 
the  soil  beneath  a  new  building  under  such  unusual  pressure  that  it  is 
under  a  dangerous  tendency  to  squeeze  laterally  and  thus  materially 
limit  his  neighbor's  future  improvement,  or  else  put  him  under  great 
additional  expense  in  carrying  it  out.  In  equity  he  sjtiould  certainly 
be  required  so  to  use  his  own  lot  as  not  to  injure  that  of  his  neighbor. 
It  will  be  strange  if  this  matter  does  not  soon  come  up  for  considera- 
tion. 

Where  soils  are  overloaded  there  is  extraordinary  potency  in  slight 
vibration  to  cause  settlement  where  the  conditions  are  favorable. 
Hoisting  engines  are  frequently  found  to  be  exciting  causes  in  pro- 
ducing unequal  settlement  in  the  absence  of  unequal  loading.  In  one 
case  in  lower  New  York  where  a  very  massive  and  well-built  structure 
resting  upon  gravel  and  sand  cracked  after  it  had  been  in  use  a  con- 
siderable time,  the  only  new  condition  introduced  to  which  it  seemed 
possible  to  attribute  the  settlement  manifested  was  pumping  clear 
water  from  a  nearby  driven  well.  It  seemed  reasonable  to  assume  that 
the  water  flowing  through  the  sand  made  possible  a  slight  readjust- 
ment of  the  particles  which  settled  into  closer  union  under  the  vibra- 
tion of  the  machinery  in  the  building. 

A  most  interesting  thing  often  shown  by  the  settlement  of  buildings 
is  the  frequency  of  movement  of  the  entire  mass  of  soft  material  in  the 
vicinity  of  rivers.     There  is  a  locality  in  New  York  City  vhere  there  is 
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good  reason  to  believe  sucli  a  motion  to  be  taking  place.  For  instance,  a 
certain  large  and  well  constructed  building  resting  upon  a  well  designed 
pile  foundation,  and  where  the  piles  were  driven  40  or  50  ft.  into  the  silt, 
started  to  settle,  probably  before  it  was  completed ;  at  any  rate,  it  settled 
from  almost  nothing  at  the  end  farthest  from  the  river  to  some 
2  ft.  at  the  end  nearest  the  river,  making  a  practical  wreck  of  part 
of  the  structure.  This  building  was  some  200  or  300  ft.  from  the 
river.  An  examination  of  the  bulkhead  wall  showed  that  the  piers  had 
apparently  acted  as  buttresses  to  hold  it  back,  but  that  between  the 
piers  it  was  bowed  outward.  This,  in  connection  with  other  evidence, 
seemed  to  point  indisjjutably  to  a  movement  of  the  entire  mass  of  the 
adjacent  material  toward  the  river,  occasioned  by  the  weight  of  tilled 
material  and  buildings,  and  it  seemed  probable  that  this  movement 
was  shared  by  the  silt  to  a  considerable  depth  below  the  filling. 

The  first  method  that  naturally  comes  to  mind  for  providing  a  better 
foundation  than  can  be  done  by  simply  spreading  the  bearings  on 
the  earth  at  customary  depths  is  that  of  driving  piles,  and  where  there 
is  reasonable  certainty  that  these  will  always  remain  wholly  sub- 
merged, this  is  generally  the  best  possible  foundation,  considering  its 
cost,  for  buildings  of  considerable  but  not  of  the  greatest  weight.  The 
New  York  building  law  permits  a  load  of  20  tons  per  pile,  and 
engineers  will  consider  this,  when  fair-size  piles  are  used,  to  be 
within  good  practice;  but  there  are  many  cases  where  it  is  certainly  a 
great  mistake  to  take  the  aggregate  bearing  cajjacity  of  a  pile  founda- 
tion to  be  the  sum  of  the  safe  loads  on  the  individual  piles  composing 
it.  The  sustaining  power  of  a  single  pile  may  be  said  to  be  practically 
the  sum  of  the  friction  which  holds  it  on  the  sides,  and  the  resistance 
to  penetration  at  its  lower  end.  It  is  obvious  that  in  very  many  cases 
where  a  large  number  of  piles  are  driven  close  to  one  another,  the 
piles  simply  replace  so  much  material  which  has  been  displaced  to 
make  room  for  them.  It  is  true  that  the  material  remaining  about 
them  may  by  the  process  of  driving  become  so  much  more  compact 
that  it  increases  the  friction  and  perhaps  the  resistance  to  penetration 
at  the  lower  ends  of  the  piles;  but  if  the  stratum  below  the  piles  be  at 
all  yielding  it  is  probably  true  that  the  ])earing  capacity  of  the 
foundation  is  the  bearing  capacity  of  the  stratum  below  the  piles  plus 
the  friction  of  what  might  be  considered  the  outer  side  surfaces  of  the 
entire  mass  penetrated  by  the  piles.     In  other  words,  the  piles  merely 
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replace  so  mucli  yielding  material  and  transfer  the  load  to  the 
stratum  beneath  them. 

A  practical  difficulty  which  is  apt  to  hamper  the  construction  of  a 
good  pile  foundation  for  a  building  very  seriously  where  there  are  a 
great  number  of  piles  close  together  is  that,  after  driving  the  first  few, 
the  material  near  them  becomes  so  compact  that  it  is  exceedingly  diffi- 
cult and  sometimes  impracticable  to  get  the  remaining  piles  down  to 
anything  like  the  contemplated  depth.  It  may  be  comj^aratively  easy 
to  drive  the  first  one,  say  30  ft. ,  and  may  become  exceedingly  difficult  to 
drive  those  put  down  later  to  a  depth  of  more  than  10  or  15  ft.  This 
difficulty  is  readily  overcome  where  the  use  of  the  jet  may  be  resoxied  to. 
This  is  often  dangerous  in  proximity  to  other  buildings,  and,  too,  it  some- 
times seriously  cracks  the  adjoining  building  to  drive  piles  close  to  it. 

With  regard  to  the  piles  remaining  j^ermanently  submerged,  there 
have  been  some  rather  startling  experiences  in  New  York  City.  There 
is  one  building,  the  value  of  which  is  probably  in  the  neighborhood 
of  ^1  000  000,  built  upon  piles,  the  upper  ends  of  which  it  was  found 
before  the  completion  of  the  building  would  be  shortly  exposed,  and 
it  is  said  that  it  was  decided  to  enclose  the  entire  foundation  in  a  dam, 
so  to  speak,  in  which  the  water  is  kejjt  by  pumping  at  a  safe  height 
to  cover  the  piles.  One  of  the  leading  builders  in  New  York  a  short 
time  ago  removed  a  building  which  rested  on  piles  driven  but  a  dozen 
years  ago,  and  he  found  them  seriously  decayed.  Throughout  the 
gravel  and  sand  deposits  of  the  lower  i^art  of  New  Y'ork  there  is  an 
abundance  of  fresh  water,  which  rises  and  falls  to  a  greater  or  less 
extent  with  the  pressure  of  tide  water  u2:)on  it.  The  sujiply  from  sjjrings 
must  be  very  great,  because  there  are  a  vast  number  of  driven  wells 
throughout  the  region,  supplying  water  for  steam  and  other  jjurposes. 
The  water  level  at  any  one  point  may  be  materially  lowered  at  any 
time  by  pumping  from  a  driven  well  in  the  vicinity  or  from  the  con- 
stant drainage  of  some  leaking  basement  or  other  excavation.  Thus 
it  woiild  seem  that  the  permanence  of  any  given  water  level  in  the  city 
can  rarely  be  relied  upon. 

In  considering  the  provision  of  an  adequate  foundation  for  a  build- 
ing, the  weight  of  which  seems  to  require  something  better  than  the 
old  style  of  simple  foundations,  the  first  natural  thought  is  to  increase 
in  some  way  the  spread  of  the  foundation  so  that  the  unit  weight  on 
the  material  may  be  kept  within  allowable  limits.     In  Chicago,  where 
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the  material  on  whicli  tlie  city  is  built  consists  generally  of  a  thickness 
of  40  to  100  ft.  of  blue  clay  of  more  or  less  yielding  character  which 
can  scarcely  be  loaded  safely  2  tons  per  square  foot,  the  general  prac- 
tice has  come  to  be  that  of  proportioning  the  area  of  the  column  founda- 
tions in  a  uniform  ratio  to  the  column  loads  upon  them,  in  order  to 
get  equal  settlement  under  all  the  columns.  This  has  resulted  in  the 
so-called  raft  system  of  foundations,  m  which,  by  alternate  layers  of 
steel  beams  of  lessening  length,  it  is  practicable  to  spread  the  bearing 
to  a  sufficient  extent.  This  method  requires  the  minimum  depth  of 
excavation  and  gives  the  minimum  amount  of  cellar  space.  Short  of 
some  method  of  carrying  the  bearings  to  a  lower  and  more  substantial 
stratum,  as  by  piles  or  by  excavation  to  bed-rock,  this  woul^  seem  to 
be  the  best  possible  treatment  of  the  problem  under  such  conditions  as 
exist  at  Chicago.  That  this  method  should  be  at  all  satisfactory  re- 
quires a  comparatively  uniform  condition  of  material  under  the  entire 
building,  uniform  in  character,  in  compressibility,  in  softness  and  in 
depth. 

This  raft  method  has  been  employed  in  some  cases  in  New  York. 
Tor  buildings  in  the  lower  part  of  the  city  it  is  open  to  the  objection 
that  the  conditions  under  the  entire  building  are  not  apt  to  be  uniform, 
and  there  is  often  the  very  serious  objection  that  at  some  part,  if 
not  under  the  entire  building,  the  material  at  some  depth  may  be 
sandy,  or  of  the  nature  of  quicksand,  and  may  yield  or  be  relieved  at 
some  future  time.  Of  course,  there  is  always  the  question  as  to 
the  durability  of  steel  beams,  even  though  encased  in  concrete,  where 
they  are  below  the  water  level. 

In  considering  the  loads  to  be  provided  for  by  the  foundations  for 
the  Manhattan  Life  Building  it  was  found  that  if  piles  were  driven 
over  the  entire  space  to  be  covered  by  the  building,  enough  piles  could 
not  be  driven  on  the  lot  to  sustain  the  building  and  load  the  piles 
within  the  limit  permitted  by  the  building  law.  Thus,  unless  the 
simple  method  of  spreading  the  foundations  was  considered  satisfac- 
tory, which  in  this  case  was  out  of  the  question,  there  was  no  way 
but  to  carry  the  column  loads  from  the  bed-rock,  which  was  here 
54  ft.  below  the  Broadway  street  level.  The  borings  taken  on  the  lot 
indicated  the  existence  of  more  or  less  quicksand,  and  it  was  feared  that 
any  effort  to  excavate  for  foundations  in  the  open  to  the  bed-rock  would 
result  in  an  inflow  of  material  that  would  endanger  the  adjoining  build- 
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ings.  For  this  and  otlier  reasons,  the  architects,  Messrs.  Kimball  and 
Thompson,  decided  upon  the  use  of  steel  caissons  sunk  by  the  pneu- 
matic process,  and  thus  came  about  the  first  use  of  this  method. 

Its  advantages  are:  First,  the  excavation  can  be  carried  on  under 
pressure,  which  holds  back  from  inflow  any  outside  material;  second, 
any  obstructions  met  with  in  the  sinking  can  be  removed  without  seri- 
ous difficulty  or  delay;  third,  the  bottom  can  be  examined,  and, where 
necessary,  leveled  or  stej^ped;  fourth,  the  work  can  be  executed  with 
speed,  because  the  caissons  can  be  brought  on  the  lot  finished  or  ready 
to  put  together,  and  while  these  are  being  sunk  the  brickwork  to  form 
the  permanent  pier  can  be  built  upon  them,  so  that  when  the  excava- 
tion for  each  foundation  is  completed,  the  pier  itself  is  finished.  This 
method  has  been  employed  in  obtaining  foundations  for  the  American 
Surety  Building  and  for  the  new  Standard  Oil  Building,  and  its  use  is 
contemplated  in  other  buildings  soon  to  be  erected.  It  would  not  seem 
worth  while  to  deal  in  detail  with  the  construction  and  sinking  of  the 
caissons,  because  the  general  method  is  familiar  through  its  application 
to  bridge  foundations.  Some  points,  however,  should  be  mentioned. 
In  these  comparatively  small  caissons  with  vertical  sides,  sunk  the 
entire  distance  through  earth,  the  friction  is  in  much  greater  propor- 
tion than  occurs  in  bridgework.  As  soon  as  the  brickwork,  built  as 
high  as  is  practicable,  proves  of  insufficient  weight  to  make  the  caisson 
follow  the  excavation  against  the  upward  pressure  of  the  air  and  the 
friction,  it  becomes  necessary  to  put  on  a  temjsorary  load.  This  is 
done  by  piling  on  pigs  of  iron.  Another  respect  in  which  this  work 
diliers  from  bridgework  is  the  fact  that  excavations  in  the  material 
should  preferably  be  carried  on  by  means  of  a  Moran  or  other  lock 
without  permitting  reduction  of  the  air  pressure. 

Of  course  when  the  depth  to  hard  bottom  is  not  great  and  there  is 
no  running  material  over  it,  the  excavation  may  be  made  in  the  open 
air  under  the  protection  of  sheet  piling,  and  this  is  in  such  cases  the 
simplest  and  cheapest  means  of  doing  the  work. 

The  foundations  for  the  new  Johnston  building  have  been  success- 
fully put  in  by  means  of  open  wrought-iron  cylinders  sunk  by  the  water- 
jet  process.  This  method,  while  somewhat  cheaper  than  the  pneumatic, 
would  seem  to  be  open  to  the  objection  that  it  might  not  permit  in  some 
cases  a  proper  examination  and  prei)aratiou  of  the  bottom  and  of  build- 
ing the  foundation  in  the  dry,  and,  too,  should  flowing  material  under 
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heavy  pressure  from  beneath  an  adjacent  building  be  encountered,  a 
possibly  dangerous  vent  might  be  afforded.  As  yet  the  pneumatic 
process  is  the  one  safe  and  sure  method  for  deep  excavations,  by  which 
all  dangers  of  quicksand  or  other  difficulties  can,  with  certainty,  be 
quickly  overcome  and  a  perfect  foundation  constructed,  and  this,  too, 
at  a  cost,  where  the  conditions  are  determined,  which  can  generally  be 
estimated  with  comparative  certainty. 

While  the  necessity  of  better  practice  than  has  heretofore  obtained 
in  building  foundations  for  heavy  buildings  is  hapjiily  becoming  some- 
what more  apparent,  it  is  hard  to  understand  the  general  lack  of  solic- 
itude on  this  lioint  on  the  part  of  those  constructing  new  buildings.  They 
are  generally  content  to  let  the  judgment  of  their  architect  govern,  who 
probably  has  never  before  had  such  a  problem  to  solve.  Having  en- 
gaged him  they  fail  to  see  the  necessity  of  emjiloying  in  addition  an 
engineer  expert  in  foundations,  and  yet  the  writer  ventures  to  say  that 
in  most  cases,  aside  from  the  other  advantages,  his  fee  would  be  more 
than  saved  by  the  economy  resulting  from  his  guidance.  It  is  probable 
that  a  sum  not  exceeding  3  or  4%  of  the  cost  of  the  entire  building, 
added  to  what  the  cheapest  possible  shallow  foundation  would  cost  for 
one  of  the  very  high  buildings,  would  cover  the  extra  cost  of  carrying 
its  foundations  to  the  solid  rock,  when  this  is  within  70  or  80  ft.  of  the 
surface.  In  many  cases  this  extra  cost  would  be  more  than  offset  by 
the  value  of  the  additional  story  or  stories  that  could  be  provided 
beneath  the  surface. 

When  an  owner  has  once  realized  the  importance  of  getting  his 
foundations  on  the  rock  he  generally  approaches  the  business  treat- 
ment of  the  matter  in  a  very  narrow-minded  and  stupid  manner.  With 
a  distrust  born  of  the  imposition  of  conscienceless  contractors,  he  wants 
to  be  certain  that  his  foundations  will  be  completed  for  a  given  fixed 
sum,  and  this  in  advance  of  the  determination  of  the  various  depths, 
corrected  weights,  dimensions  and  so  forth,  which  is  obviously  impos- 
sible without  injustice  either  to  him  or  his  contractor.  The  proper 
way  for  this  work  to  be  done  is  for  the  owner  to  engage  a  party  whose 
integi'ity  and  capacity  he  can  trust  to  do  the  work  for  him,  for  its  net 
actual  cost  i)lus  a  fee  as  compensation  or  profit.  Such  an  arrange- 
ment brings  all  interests  into  unison,  permits  much  preparatory  work 
to  be  done  l)efore  the  work  could  be  let  by  contract,  and  gives  the 
work  finally  to  the  owner  at  wLat,  and  only  what,  should  be  i)aid  for 
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it.  It  results  in  the  best  work  carried  out  in  the  quickest  time,  with 
freedom  to  improve  plans  as  the  work  progresses,  and  with  the 
pleasantest  relations  of  owner,  architect  and  foundation  builder. 

The  author  wishes  to  apologize  for  the  absence  of  detail  in  this  jiaper ; 
it  was  intended  to  j^resent  only  general  considerations.  The  time  would 
seem  ripe  for  discussion  of  the  matter  of  foiindations  of  buildings.  It 
should  be  brought  to  the  minds  of  architects  and  property-owners  that 
soils,  like  metals  and  woods,  have  limits  of  strength  and  cannot  be 
overloaded  without  inviting  trouble.  If  there  is  an  absence  of  that 
Ijrincijjle  to  do  things  well,  which  should  be  an  instinct  with  all 
who  build,  they  must  be  shown  the  false  economy  of  their  inadequate 
methods. 

This  general  consideration  of  the  subject  treated  has  been  offered 
in  the  hope  that  it  Avill  call  forth  valuable  discussion,  and  that  its 
author  is  not  mistaken  in  assuming  the  Society  to  be  the  center  from 
■which  such  good  influences  as  are  needed  must  emanate. 


DISCUSSION. 


Peter  C.  Hains,  M.  Am.  Soc.  C.  E. — The  paper  refers  to  founda-  Mr.  Haina. 
tions  of  heavy  Ituildings  in  New  York  City,  but  as  pile  foundations  are 
not  uncommon  there,  and  as  it  is  generally  believed  that  piles  cut  off 
below  the  level  of  standing  water  are  safe  from  decay,  it  may  not  be 
irrelevant  to  call  the  attention  of  the  Society  to  one  case  where  this 
rule  has  not  apj^arently  held  true. 

Between  the  years  1833  and  1849  several  thousand  jjiles  were  driven 
for  the  foundation  of  old  Fort  Delaware  on  Peapatch  Island  in  Dela- 
ware River.  These  jiiles  were  cut  off"  about  2i)  ins.  below  the  level  of 
mean  low  tide,  the  mean  rise  and  fall  of  Avhich  is  about  5  ft.  It  is 
proper  to  remark,  however,  that  the  level  of  standing  water  A\-ithin  the 
enclosure  of  the  fort,  while  it  varies  somewhat  with  the  tides,  does  not 
vary  to  the  same  extent,  so  that  the  lowest  level  of  standing  water 
where  the  piles  were  driven  is  above  that  of  mean  low  tide  outside. 
In  other  words,  the  piles  were  cut  off"  considerably  more  than  20  ins. 
below  the  level  of  standing  water,  and  there  is  not  the  slightest  doubt 
but  that  the  level  of  standing  water  has  never  yet  been  below  the  tops 
of  the  2)iles,  yet  some  of  these  jjiles  decayed  to  such  an  extent  near 
their  tops  that  a  stick  could  be  pushed  through  the  decayed  part 
several  inches. 

Several  were  broken  off  by  the  comparatively  slight  strain  brought 
on  them  by  attaching  a  guy  reaching  to  the  top  of  a  pile-driver  frame 
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Mr.  Hains.  to  steady  the  latter.  The  decay  was  apparently  confined  to  the  upper 
4  or  5  ft.  of  the  pile,  at  least  that  was  found  to  be  the  case  with  one 
that  was  pulled  out,  and  was  apparently  the  case  with  all  that  were 
examined.  The  decay  was  mostly  confined  to  the  sappy  part  of  the 
stick;  the  heart  was  scarcely  affected,  and  grillage  timbers  that  rested 
on  the  heads  of  the  jsiles  were  found  to  be  sound.  The  decayed  part 
was  greatest  at  the  top  and  gradually  decreased  downward  until  at 
4  or  5  ft.  below  the  top  the  decay  disappeared. 

The  piles  were  of  rather  poor  quality  Chesajjeake  Bay  pine  from 
12  to  14  ins.  in  diameter,  and  many  of  them  had  ajjparently  been  in- 
jured by  hard  driving.  The  rings  of  annular  growth  in  some  cases 
showed  no  cohesion  whatever.  One  pile  was  pulled  out  and  found  to 
be  27  ft.  long,  well  j)reserved  from  the  point  to  about  5  ft.  below  the 
top.  Another  stood  a  pull  of  60  000  lbs.,  and  two  broke  off,  with  a 
less  pull,  where  the  chain  was  attached. 

The  soil  into  which  they  were  driven  consists  of  a  soft,  bluish  black 
mud  to  a  depth  of  about  42  to  45  ft.  From  that  depth  to  85  ft.  various 
strata  of  sand  are  found,  some  fine,  some  coarse.  The  sand  strata 
contain  plenty  of  water,  the  level  of  the  latter  rising  in  the  well  above 
the  level  of  mean  low  tide.  Below  85  ft.  there  is  said  to  be  compact 
clay  with  boulders.  The  upper  strata  of  mud  has  a  disagreeable  odor 
with  indications  of  marsh  gas.  The  piles  had  to  carry  a  safe  load  of 
about  30  000  lbs.  jjer  pile,  if  the  load  was  evenly  distributed.  Be- 
tween the  years  1859,  when  the  fort  was  finished,  and  1866,  the  fort  had 
settled  as  much  as  4  ins. 

This  experience  indicates  that  it  is  not  always  safe  to  assume  that 
pile  foundations  for  buildings  will  remain  free  from  decay  even  if  the 
timber  is  below  the  level  of  standing  water. 
Mr.  Berg  W.  G.  Bekg,  M.  Am.  Soc.  C.  E. — Many  of  the  principles  and  methods 
of  construction  described  by  the  author  with  reference  to  foundations  of 
buildings  can  be  employed  very  advantageously  for  general  engineer- 
ing work.  Attention  should  be  directed  to  the  desirability  of  the  more 
general  use  of  iron  and  concrete  grillage  foundations  for  bridge  piers 
and  trestle  bents  located  between  the  running  tracks  of  railways  or  ad- 
joining some  other  structure  where  a  deej)  and  large  foundation  pit 
would  be  objectionable.  In  making  comi)arative  designs  between  the 
iron  grillage  foundation  and  the  general  method  of  spreading  founda- 
tions by  means  of  masonry  and  concrete  offsets,  it  is  surprising  to  note 
in  many  cases,  especially  where  heavy  concentrated  loads  have  to  be 
provided  for,  the  decrease  in  the  size  of  the  bed,  the  dej)th  and  the  total 
weight  of  the  foundation.  The  probable  reason  that  the  iron  grillage 
system  has  not  been  used  more  extensively  outside  of  foundations  of 
buildings  can  be  traced  to  the  uncertainty  existing  in  the  minds  of  a 
great  many  engineers  as  to  the  durability  of  iron  imbedded  in  concrete. 
The  author  admits  that  there  is  a  question  in  this  respect  when  the 
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iron  is  placed  below  the  water  level.     In  order  to  make  the  system  Mr.  Berg, 
more  popular  and  to  allow  the  use  of  iron  in  foundation  work  to  be 
classed  as  good  practice,  it  will  be  necessary  to  prove  conclusively  to 
the  satisfaction  of  the  most  critical  members  of  the  profession  that  iron 
or  steel  will  not  deteriorate  in  contact  with  concrete. 

CHAEiiES  Macdonaxd,  M.  Am.  Soc.  C.  E. — The  speaker  was  of  the  Mr.  Macdonald 
opinion  that  the  high-water  mark  was  the  lowest  level  that  any 
property  owner  might  be  expected  to  go  with  his  foundations,  and 
that  from  3  to  4  tons  per  square  foot,  distributed  properly  over  the 
New  York  sand  at  that  level,  is  certain  to  give  good  results.  There 
might  be  a  settlement  of  a  small  fraction  of  an  inch,  such  as  has  oc- 
curred in  some  of  the  largest  buildings  in  the  lower  part  of  the  city, 
which  have  been  founded  upon  a  concrete  grillage  or  on  piles;  but 
why  it  should  be  considered  necessary  to  change  the  practice  of  years 
to  enable  any  individual  to  go  down  to  rock  for  his  foundation  is  a 
matter  that  would  seem  to  be  beyond  the  professional  point  of  view 
altogether;  it  is  a  question  of  economics.  If  the  owner  of  proiserty 
believes  he  can  utilize  the  space  from  the  rock  to  the  sky,  at  a  price 
which  will  remunerate  him  for  the  expenditure,  that  is  a  question  of 
business  policy  and  not  of  engineering.  It  is  admitted  that  the  author 
of  the  paper  is  well  equipped  to  put  in  foundations  to  the  rock  by  the 
pneumatic  process;  but  the  expediency  of  resorting  to  the  increased 
expenditure  involved  in  so  doing  should  not  be  decided  upon  engi- 
neering grounds  alone. 

George  B.  Post,  Esq. — For  many  years  there  was  no  decision  of  the  Mr.  Post, 
courts  on  the  emljarrassing  connection  between  10  ft.  depth  of  founda- 
tions and  the  liability  of  owners  of  projierty.  It  was  not  decided 
legally  until  recently  whether  there  was  a  liability  on  the  part  of  the 
owner  using  due  diligence  and  ordinary  care  in  erecting  his  building 
for  the  settlement  of  an  adjoining  btiilding,  which  was  due  either  to 
the  compression  of  the  soil  adjacent  to  his  foundation  or  to  the  friction 
of  the  walls  of  the  two  structures.  A  few  years  ago,  a  decision  of  the 
Court  of  Appeals  was  made  to  the  effect  that  every  lot  has  an  inherent 
right  of  support  in  the  adjoining  soil,  and  if  that  support  is  impaired, 
damages  must  be  paid  for  doing  so.  Under  this  law,  in  one  case  where 
the  greatest  care  had  been  taken  in  a  building  to  prevent  settlement, 
this  nevertheless  occurred,  and  after  a  long  litigatiou  the  party  who 
was  carrying  on  the  work  paid  the  cost  of  repairing  the  adjoining 
building. 

In  a  large  district  near  Broad  Street  there  is  a  true  quicksand  which 
moves  with  great  velocity.  The  speaker  once  had  a  large  sheet-jiiled 
test  pit  8  ft.  square  dug  30  ft.  south  of  the  building  of  Drexel,  Morgan 
&  Company,  and  80  ft.  east  of  Broad  Street.  When  the  pit  had  been 
sunk  through  the  overlying  material,  the  man  digging  it  nearly  went 
out  of  sight  in  the  quicksand,  which  squeezed  out  of  the  hole  with 
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Mr.  Post,  great  rapidity.  Fortunately  there  was  a  large  amount  of  concrete  being 
made  in  the  neighborhood,  and  by  ramming  this  into  the  hole  for  twelve 
hours,  the  movement  of  the  quicksand  was  stopped.  Meanwhile 
lintels  in  buildings  200  or  300  ft.  distance  were  reported  to  have 
cracked.  This  is  not  the  character  of  the  soil  over  the  greater  part  of 
the  city. 

Near  the  corner  of  Broadway  and  Ann  Street,  where  the  speaker  was 
erecting  a  high  building,  there  are  many  lofty  structures.  The  New 
York  Post  Office,  a  heavy  granite  building,  is  directly  opposite,  the 
Mail  and  Express  and  the  Vanderbilt  Buildings,  Temple  Court,  the 
Potter,  Times,  "World  and  Tribune  Buildings  all  stand  on  sand,  to 
which  they  transfer  a  pressure  of  over  4  tons  to  the  square  foot  with- 
out causing  any  serious  settlement.  In  the  case  of  the  \\^orld  Building 
the  blank  wall  on  the  east  side  imposes  a  pressure  of  4.7  tons  on  the 
soil,  and  the  foundation  is  loaded  eccentrically. 

While  the  speaker  was  not  a  great  admirer  of  steel  in  concrete,  the 
evidence  of  the  last  few  years  seemed  to  him  to  prove  forcibly  that 
where  iron  or  steel  is  in  direct  contact  with  masonry  it  is  thoroughly 
l^rotected  from  corrosion.  In  pulling  down  the  first  Herald  Building, 
which  was  over  30  years  old,  he  directed  the  inspector  to  bring  him  the 
worst  con-oded  pieces  of  iron  he  could  find  in  the  building.  There 
were  no  bad  examples  found,  and,  where  the  mortar  had  been  in 
absolute  contact  with  the  paint,  the  jDaint  itself  was  jjreserved.  All 
the  reliable  evidence  obtainable  goes  to  prove  that  cement  mortar  has 
the  faculty  of  preserving  iron  and  steel  to  a  great  extent  from  corrosion, 
and  certainly  of  preserving  from  injury  the  paint  which  it  covers. 
Another  point  to  be  considered  in  determining  the  relative  advantages 
of  the  caisson  and  grillage  foundations  is  that  where  caissons  are  used 
it  is  generally  necessary  to  carry  the  weight  of  the  building  to  them 
by  means  of  cantilevers  or  grillages,  and  it  is  hard  to  see  how  the 
beams  embedded  in  the  concrete  of  a  regular  grillage  foundation  are 
in  any  more  danger  than  such  cantilevers  and  small  grillages  super- 
imposed on  the  caissons  at  about  the  same  level  under  ordinary  cir- 
cumstances. 

It  must  be  remembered  that  good  architecture  is  always  good  engi- 
neering. The  reason  a  well  proportioned  stone  column  eight  diameters 
high  is  graceful  is  largely  because  this  is  about  the  limit  such  a 
column  can  be  jiroportioned  to  bear  its  load  properly.  Good  archi- 
tecture and  construction  go  hand  in  hand;  where  the  engineering  is  bad, 
the  architecture  is  generally  bad,  and  where  the  architecture  is  bad,  the 
engineering  is  usually  worse. 
Mr.  Cooper.  Theodoke  Coopek,  M.  Am.  Soc.  C.  E. — This  jiaper,  from  one  so 
capable  of  presenting  facts  and  principles  from  his  experience  which 
would  be  of  value  and  interest  to  every  member  of  the  engineering  pro- 
fession, is  an  unsatisfactory  one.      It  speaks  vaguely  of   "overloading 
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soils,"  "  gi-eat  pressures  "  and  "  danger  of  lateral  flow,"  but  gives  no  Mr.  Cooper. 

facts  or  opinions  as  to  the  conditions   of  loading  which  would  cause 

lateral  flow  or  produce  undue  loading.     It  leaves  the  reader  to  infer 

that  the  only  safe  or  satisfactory  foundations  for  buildings  in  New 

York   are  those  on    rock.     "While   there   are  places  where  important 

buildings  should  be  carried  to  the  rock,  the  speaker  did  not  believe 

it  necessary  or  possible  to  go  to  rock  in  the  great  majority  of  cases  in 

that  portion  of  the  city  lying  below  Twenty-third  Street.     It  would  be 

a  useless  expenditure  of  money.     If  a  material  can  be  found  with 

sufficient  bearing  capacity  to  carry  safely  the  weight  of  the  structure, 

it  would  be  useless  to  go  deeper  than  is  necessary. 

In  a  general  way  there  are  four  classes  of  materials  within  the  busi- 
ness district  of  the  city,  upon  which  buildings  must  be  founded. 
Along  the  North  Eiver  front  the  material  is  largely  silt,  which  has 
been  sounded  in  places  to  a  depth  of  200  ft.  without  reaching  rock. 
The  dock  walls  are  floated  upon  this  material  in  a  satisfactory  man- 
ner. 

For  two  and  more  blocks  back  from  the  river  there  is  made  ground 
partially  floating  upon  the  silt.  Along  the  old  water-courses  and  over 
the  former  ponds  au;l  marshes,  where  the  underlying  material  is  silt 
or  soft  mud,  there  is  also  made  ground.  The  most  difficult  founda- 
tions in  New  York  City  are  on  this  made  ground.  The  maximum 
bearing  capaoity  of  such  material  depends  almost  entirely  upon  the 
floating  capacity  of  the  soft  silt  or  mud  immediately  below  the  filled 
material,  for  in  many  cases  piles  cannot  be  driven  through  the  filled 
material  far  enough  into  the  lower  and  stiff'er  silt  to  increase  its  bear- 
ing power.  Moreover,  the  conditions  may  be  changed  by  the  loadings 
on  the  neighboring  ground.  One  of  the  examj^les  of  defective  founda- 
tions named  by  the  author  was  on  ground  of  this  kind,  and  the 
failure  was  due  to  the  filling  in  of  adjacent  ground. 

Rock  can  be  obtained  for  foundations  over  a  small  area  in  the  neigh- 
borhood of  Bowling  Green,  at  depths  not  exceeding  35  ft.  Two  miles 
farther  up  Broadway,  about  Fourth  Street,  rock  can  be  reached  at 
about  40  ft.  below  the  street  grade;  north  of  this  point  the  rock  gener- 
ally approaches  the  surface  and  occasionally  crops  out  above  the  sur- 
face; there  are,  however,  at  places  deep  depressions  in  the  irregularly 
underlying  rock  which  are  filled  with  mud,  sand,  clay  or  artificial 
filling. 

Between  Fourth  Street  and  Broadway  and  Bowling  Green,  with  the 
excei^tion  of  the  Canal  Street  district,  the  backbone  of  the  island  for  a 
distance  of  about  2  miles  is  sand,  varying  from  coarse  building  sand  to 
sand  of  the  finest  kind.  This  sand  is  from  40  to  160  ft.  in  depth.  It 
is  over  this  district  tliat  the  principal  high  buildings  have  been  built 
and  where  the  important  ([uestion  as  to  the  necessity  of  going  to  rock 
for  secure  foundations  must  be  considered. 
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Mr.  Cooper.  The  illustrations  of  faulty  foimclations  given  bv  the  author  -would 
have  been  of  general  interest  if  the  full  facts  had  been  given,  but  thev 
have  no  bearing  upon  the  main  question,  viz. :  Can  high  and  heavy 
buildings  be  founded  securely  upon  the  sand  which  underlies  the  prin- 
cipal business  district  of  New  Yoi-k,  or  should  all  buildings  of  this 
kind  go  to  the  rock  below,  regardless  of  cost  and  other  conditions  ? 

The  answer  to  this  question  must  largely  hinge  upon  the  bearing 
capacity  of  this  sand  and  its  liability  to  be  effected  by  future  condi- 
tions. The  author  acknowledges  that  "  until  recently  "  buildings  in 
New  York  seldom  put  upon  the  earth  supporting  them  greater  loads 
per  square  foot  than  3  to  4  tons,  and  the  earth  held  such  buildings 
reasonably  well.  Plenty  of  buildings  10  to  12  stories  in  height  have 
been  Avell  supported  with  loads  of  4  tons,  and  in  some  cases  as  high  as 
5  tons;  if  these  buildings  were  well  supported  under  these  pressures, 
when  using  a  small  portion  of  their  ground  area,  why  cannot  higher 
buildings  be  equally  well  sustained  by  using  the  same  units  over  a 
greater  area  of  their  base  ?  Buildings  25  stories  in  height  can  be  built 
without  exceeding  4  tons  upon  their  full  base.  There  are  a  number  of 
high  buildings  which  rest  upon  this  sand  and  have  for  seveial  years 
without  any  signs  of  difficulty.  Tests  have  been  made  which  show 
that  this  sand,  even  of  the  finest  kind,  can  sustain  at  the  level  of  high 
water  loads  of  6^  tons  per  square  foot  under  vibratory  action  without 
showing  the  least  evidence  of  movement  after  the  first  small  initial 
settlement,  and  it  is  possible  that  even  higher  loads  could  be  put  upon 
it  under  such  conditions  without  movement.  The  building  law  allows 
•4  tons;  there  has  been  no  evidence  produced  to  show  that  such  load- 
ing is  not  safe  and  reliable.  Proof  to  the  contrary  must  be  advanced 
before  question  can  projjerly  be  made  in  regard  to  the  reliability  of 
such  loadings. 

That  sand  is  not  a  reliable  material  for  foundations,  when  it  is  pos- 
sible to  have  it  removed  by  the  action  of  running  water,  from  the  flow 
of  streams,  springs  or  surface  drainage,  or  when  it  is  so  quick  under 
saturation  as  to  be  forced  out  by  the  pressure,  is  not  disputed.  Fail- 
ures of  foundations  have  occurred  from  this  action,  but  generally  the 
sand  in  the  district  under  consideration  does  not  flow  readily  even 
under  i)ressures  as  high  as  6 J  tons.  The  mean  high-water  level,  which, 
may  lie  considered  as  the  permanent  water  line,  owing  to  the  sluggish- 
ness of  flow  through  this  fine  sand,  is  about  20  to  40  ft.  below  the 
street  grade.  High  buildings  need  all  of  this  space  for  cellars  and 
ba.sements  for  machinery  and  storage  purposes.  It  can  be  assumed 
then  that  the  foundations  of  high  buildings  will  go  as  low  as  this  mean 
high-water  line.  At  this  dojith  there  is  no  flowing  water  from  surface 
drainage,  springs  or  tidal  flow.  The  only  other  natural  cause  affect- 
ing the  stability  of  the  sand  is  the  flow  due  to  the  pressure  of  the  load; 
therefore,  in  all  general  cases,  foundations  at  this  depth  can  be  con- 
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siclered  secure  under  jjressures  not  exceeding  the  usual  pi-aetice  of  4  Mr.  Ckwper. 
tons,  unless  they  are  injured  by  being  undermined  l)y  the  excavations 
of  some  more  ambitious  neighbor. 

This  leads  to  the  second  branch  of  the  paper,  viz.,  that  duty  to 
neighbors  requires  high  buildings  to  be  carried  to  rock,  regardless  of 
expense.  The  existing  law  and  practice  for  many  years  in  this  city 
has  been  to  require  in  new  excavations  that  all  i^revious  structures 
founded  10  ft.  or  more  below  the  street  grade  should  be  protected  and 
maintained  by  the  parties  making  the  excavations.  For  the  earlier 
buildings  of  few  stories  10  ft.  was  a  sufficient  depth,  and  as  buildings 
increased  in  height  the  depths  have  been  increased,  but  no  change  has 
been  made  in  the  law.  It  is  questionable  if  a  greater  legal  depth 
would  be  in  the  line  of  public  policy,  for  it  woiild  tend  to  put  persons 
of  moderate  means  at  the  mercy  of  their  wealthier  and  more  grasjiing 
neighbors. 

If  the  author  intends  to  suggest  the  change  only  for  high  build- 
ings, it  is  unnecessary,  for  self  interest  will  compel  the  owners  to  go 
as  deep  as  the  high-water  line.  If  any  owner  desire  to  go  lower,  he 
should  do  so  at  his  own  expense  and  risk.  No  new  law  can  effect 
existing  rights  under  the  present  law.  If  any  law  is  to  be  enacted  in 
reference  to  high  building,  such  law,  in  the  speaker's  opinion,  should 
restrict  the  height  of  any  building  by  an  equitable  consideration  of 
other  people's  rights,  or  far  below  the  heights  already  used. 

The  author  mentioned  a  building  where  the  pile  foundations 
have  been  siirrounded  by  a  dam  and  a  pumj)  used  to  maintain  the 
water  level  about  them.  As  this  is  a  special  case,  though  having  no 
bearing  upon  the  question  of  suitable  foundations,  the  speaker  gave 
fuller  facts  in  regard  to  it.  This  building,  supposed  to  be  a  first- 
class  structure,  was  closed  out  under  a  mortgage.  The  new  owners 
found  themselves  in  possession  of  a  jjretentious  structure  requiring 
very  large  expenditures  to  be  j^ut  in  rentable  shaj^e.  The  building 
was  very  extensively  rebuilt,  and  desiring  to  limit  the  expenditures 
to  a  minimum  until  the  rentable  value  of  the  building  could  be 
determined,  the  owners  accepted,  under  advice,  this  method  of  pro- 
tecting the  piles.  In  connection  with  some  advisory  work  on  the 
superstructure,  the  speaker  was  incidentally  asked  in  regard  to  this 
method  of  protection  and  unhesitatingly  condemned  it;  he  then  learned 
that  it  had  already  been  completed. 

C.  T.  PuRDY,  M.  Am.  Soc.  C.  E. — If  caissons  can  be  afforded  and  Mr.  Purdy. 
the  money  can  be  spent  to  supjiort  a  building  on  rock  by  their  means, 
there  will  probably  be  no  trouble  with  the  settling  of  the  structure 
afterward,  but  in  Chicago,  where  the  speaker  had  been  engaged 
chiefly,  the  cost  of  caissons  prohibited  their  use  absolutely.  Chicago 
foundations  settle,  some  of  them  an  inch  or  two,  and  some  of  them 
much  more.     There  are  a  number  of  old  buildings  in  Chicago  which 
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Mr.  Piirdy.  have  been  wi-ecked  beeaiise  of  uneqnal  settlement.  The  old  post  oflSce 
is  an  example,  which  was  built  on  a  bed  of  concrete  spread  over  the 
entire  area  of  the  lot  without  any  efifort  to  proportion  the  bearing  area 
of  the  concrete  to  the  loads.  The  same  unequal  settlement  compelled 
the  Board  of  Trade  to  take  the  top  off  the  tower  of  its  building,  and 
mar  what  was  the  pride  and  landmark  of  Chicago  citizens.  Hence,  in 
constructing  new  buildings  it  was  recognized  that  the  problem  was  to 
make  them  so  they  would  settle  uniformly,  and  not  to  prevent  any 
settlement  whatever.  It  has  been  demonstrated  that  if  loads  are  calcu- 
lated and  distributed  properly,  and  the  bearing  areas  of  the  founda- 
tions proportioned  to  coiTespond  with  the  weights  coming  on  them,  so 
they  vriYl  balance  about  their  centers  of  gravity,  the  buildings  will 
settle  uniformly.  It  is  impossible  to  predict  how  much  the  settlement 
will  be,  as  the  data  on  the  subject  point  to  no  uniform  law  or  laws 
in  this  respect.  The  settlement  in  itself  is  not  a  cause  of  injury  to  the 
structure,  as  is  shown  by  a  building  in  Chicago  which  has  sunk  10 
ins.  without  causing  a  crack  in  the  plaster. 

Where  grillage  foundations  are  adapted  to  the  conditions  of  a 
structure  and  can  be  built  more  cheaply  than  other  types,  there  is  no 
good  reason  why  they  should  not  be  used.  Adjoining  walls  can  be 
cared  for,  as  is  done  all  the  time  in  Chicago.  It  is  an  easy  and  not 
expensive  matter  to  put  such  a  wall  on  pins  and  keep  it  there  until 
the  building  has  settled,  which  generally  takes  but  a  few  months,  and 
the  work  is  not  so  exi^ensive  as  going  down  through  80  ft.  of  soft  clay 
to  solid  rock. 

William  Sooysmith,  M.  Am.  Soc.  C.  E.,  has  objected  to  the  grill- 
age foundation  and  uses  in  place  of  it  a  combination  of  ojien  caissons 
and  piles.  It  has  proved  a  very  difficult  matter  to  put  in  such  founda- 
tions without  disturbing  the  surrounding  property.  The  water-jet 
cannot  be  used  in  the  soft  clay  underlying  Chicago,  and  it  is 
a  difficult  task  to  push  an  open  caisson  through  this  material,  on  ac- 
count of  its  tenacity  and  the  great  friction  between  it  and  the  skin  of 
the  caisson.  E.  C.  Shankland,  M.  Am.  Soc.  C.  E.,  has  recently  tried 
driving  short  piles  under  the  grillage  and  this  may  prove  quite  suc- 
cessful. 

Steel  bedded  in  concrete  has  not  been  used  long  enoiigh  to  warrant 
a  judgment  as  to  its  durability,  but  iroa  has  remained  in  concrete  for 
twelve  or  fifteen  years  without  injury.  It  is  also  to  be  noticed  that 
after  a  careful  study  of  American  and  European  construction  of  this 
type,  it  has  been  decided  to  build  the  subways  of  Boston  of  steel-con- 
crete construction,  the  beams  to  be  jjainted  with  a  mixture  of  cement 
and  water  before  being  laid  in  the  concrete. 
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CORRESPONDENCE. 


F.  CoLLrNGWOOD,  M.  Am.  Soc.  C.  E. — With  the  advent  of  the  Mr.  Colling- 
enormous  buildings  now  being  introduced  in  all  large  cities,  the 
methods  of  founding  as  well  as  of  building  must  be  readjusted  to 
meet  the  new  conditions  in  both  economy  and  safety  of  constrtiction. 
Experience  shows  that  the  materials  comjiosiug  the  substrata  on  Man- 
hattan Island  are  very  heterogeneous  in  chai-acter,  and  while  with  the 
moderate  loads  imposed  by  the  older  style  of  buildings  there  was  but 
little  unequal  settlement,  under  loads  of  anything  like  10  tons  per 
square  foot,  the  settlement  will  be  so  great  as  to  become  dangerous.  In 
many  places  the  underlying  rock  is  very  uneven,  and  the  tendency  to 
lateral  movement  and  sjilitting  of  walls  is  consequently  very  great. 
It  is  manifest  that  under  such  conditions  the  ordinary  rule  of  a 
definite  increase  in  width  of  footings  for  each  story  of  increase  in 
height  is  not  satisfactory  or  safe;  and  yet  it  is  still  considered  all 
sufficient  by  most  mechanics,  because  it  is  so  provided  in  the  building 
laws. 

In  sinking  the  New  York  caisson  of  the  New  York  and  Brooklyn 
Bridge,  20  ft.  of  a  very  fine  running  sand  was  passed  through,  which 
did  not  appear  at  all  beyond  a  diameter  of  about  50  ft.  In  a  distance 
of  some  80  ft.  the  surface  of  the  rock  dropped  18  ft.  In  other  parts 
of  the  island  the  declivities  in  the  rock  surface  are  much  greater. 

The  old  method  of  sounding  with  a  crowbar  after  excavating  to  the 
specified  depth  must  clearly  give  way  to  more  scientific  methods,  and 
no  foundation  be  constructed  without  an  accurate  knowledge  of  the  con- 
formation of  the  underlying  rock.  From  the  writer's  experience  with 
the  water-jet  ke  is  inclined  to  endorse  the  opinion  expressed  in  the 
paper,  that  the  pneumatic  system  is  the  safer  method  of  founding  in 
all  cases  where  there  is  tine  material  liable  to  run.  It  has  the  further 
advantage  of  enabling  building  to  be  done  in  the  dry  in  all  cases. 

George  HiLii,  M.  Am.  Soc.  C.  E. — The  jjaper  is  disappointing,  Mr.  Hill, 
because  it  treats  in  a  general  way  of  a  subject  which  is  a  special  one 
to  a  very  unusual  degree,  and  demands  for  its  proper  solution 
numerous  specific  exami^les  as  to  cost  of  execution  and  time  required 
for  it,  in  order  to  enable  the  consulting  engineer  or  architect  to  arrive 
at  an  approximately  correct  solution.  For  five  years  past  the  writer 
has  been  of  the  opinion  that  for  the  general  case,  some  form  of  spread 
foundation  was  all  that  was  required  for  the  sujjport  of  a  properly 
designed  building.  When  the  first  experiments  were  under  way  with 
the  pneumatic  foundations,  he  expressed  the  opinion  that  they  were 
objectionable  on  the  score  of  excessive  consumption  of  both  time  and 
money  without  real  compensating  advantages,  and  judging  as  an  out- 
sider from  the  reported  prices  paid  for  the  execution  of  the  work,  the 
months  required  for  its  execution,  and  the  damage  done  to  adjoining 
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Mr.  Hill,  buildings,  there  has  been  no  reason  for  a  change  of  view.  The  cost  of 
execution  of  the  -work,  the  causes  for  what  appear  to  be  interminable 
delays,  the  period  when  the  walls  of  adjoining  building  cracked  by 
settlement,  are  all  factors  which  might  modify  the  judgment  were 
they  correctly  stated,  and  consequently  a  statement  by  the  author  as 
to  what  he  had  done  and  the  cost  of  doing  it,  and  the  various  circum- 
stances attendant  thereon,  would  have  been  of  great  value. 

A  building  is  erected  to  serve  almost  any  conceivable  purpose  other 
than  solely  to  show  the  engineering  skill  of  its  designer.  As  a  conse- 
quence it  must  have  among  other  elements,  and  as  the  most  important 
of  them:  first,  a  good  artistic  effect;  second,  a  minimum  of  cost; 
third,  a  maximum  of  area  available  for  useful  purposes;  fourth,  a 
minimum  of  material;  fifth,  a  minimum  of  time  required  for  its  erec- 
tion, and  sixth,  maximum  desirability. 

These  limitations  demand  therefore  for  every  large  building,  the 
complete  and  skilful  use  of  the  skeleton  method  of  construction,  by 
which  is  meant  a  steel  skeleton  secured  against  all  vertical  and  hori- 
zontal forces,  to  which  it  may  be  subjected;  encased  in  a  fire-proof 
covering  of  ornamental  character,  the  deep  reveals  being  secured  by 
turning  the  walls  in  at  the  windows  rather  than  by  thickening  them, 
and  the  absolute  elimination  of  all  self-sustaining  walls.  The  require- 
ments of  lighting  limit  the  effective  width  of  base,  and  consequently 
the  height  to  which  it  is  possible  to  carry  the  building,  and  brace  it 
properly  against  wind  pressures.  Unbraced  buildings  carried  exces- 
sively high  will,  withia  a  relatively  few  years  after  they  are  com- 
pleted, sway  so  under  wind  gusts  as  to  alarm  their  tenants.  The  cost 
of  putting  in  the  upper  stories  and  serving  them  passes  very  quickly 
beyond  the  remunerative  point.  The  writer,  having  studied  the  prob- 
lem carefully,  is  of  the  opinion  that  the  economical  limit  is  at  sixteen 
stories,  and  that  as  soon  as  any  experience  has  been  gained,  this  will 
be  abundantly  demonstrated. 

The  author  limits  the  area  under  consideration  to  that  portion  of 
New  York  wherein  the  greater  portion  of  the  area  has  a  subsoil  com- 
posed of  a  tine  micaceous  sand.  On  this  the  writer  has  repeatedly 
founded  buildings  in  which  the  actual  weights  ranged  from  2j  to  3} 
tons  per  square  foot,  with  a  settlement  of  from  i  to  i  in.  The  area  of 
the  lot,  if  properly  utilized,  is  therefore  more  than  adequate  to  carry 
the  superimposed  load  of  a  16-8tory  building,  which  may  be  assumed 
as  being  75  lbs.  per  square  foot  dead  load  for  floors  and  framing, 
25  lbs.  per  square  foot  constant  live  load,  or  for  a  16-8tory 
building  a  little  over  J  ton  jjer  square  foot.  If  the  walls  are  averaged 
at  220  lbs.  per  square  foot  200  ft.  high,  there  would  be  22  tons  per 
lineal  foot  of  wall  in  addition,  or  about  7  ft.  of  extra  width  following 
around  the  wall  lines.  With  such  a  construction  it  is  possible  to  erect 
a  building,  and,  at  an  expense  of  about  82  a  day  during  erection,  to 
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support  the  walls  of  adjoining  buildings  and  preserve  tliem  absolutely  Mr.  Hill, 
against  settlement,  by  wedging  up  as  the  new  footings  go  down;  this 
was  actually  done  in    the  case  of   one   building   erected   under  the 
writer's  direction. 

When  sinking  pneumatic  caissons,  the  writer  has  observed  that  the 
adjoining  buildings  were  very  seriously  injured.  In  the  case  of  the 
Consolidated  Exchange,  there  were  new  cracks  of  about  4  in.  caused  by 
this  alone,  in  spite  of  the  fact  that  the  wall  is  said  to  be  supported  on 
piles. 

In  regard  to  spreading  the  load  over  the  soil,  the  writer  has  made 
comparative  calculations  of  the  relative  costs  of  using  the  Chicago 
crib  method  and  the  method  advocated  by  him  in  an  article  in  the 
Americfin  Architect,*  and  found  the  latter  much  more  economical  of 
metal  and  money,  beside  affording  a  very  desirable  safeguard  against 
injurious  effects  of  undermining  of  adjoining  foundations. 

FosTEB  Cbowell,  M.  Am.  Soc.  C.  E. — Certain  points  brought  out  in  Mr.  Crowell. 
the  paper  deserve  to  be  emphasized  as  matters  calling  for  the  earnest 
attention  of  civil  engineers,  not  only  in  New  York  City,  but  in  all  other 
places.  First  among  these  from  the  professional  point  of  view  comes 
the  suggestion  of  the  economical  necessity  of  employing  expert  civil 
engineers  in  order  to  obtain  the  best  results;  the  description  of  the 
contrary  methods  now  in  vogue  is  accurate  and  suggestive;  the  condi- 
tion portrayed  is  lamentable;  and,  as  the  author  states,  it  is  hard  to 
understand.  Secondly  comes  the  assumption  that  the  Society  is  the 
proper  center  for  good  influences,  corrective  of  the  bad  condition,  to 
radiate  from.  That  idea  should  be  forcibly  promulgated  without 
reserve.  Thirdly  is  the  importance  of  the  engineer's  studying  and 
understanding  the  surrounding  conditionsof  a  property  where  founda- 
tions are  to  be  placed  under  his  direction,  and  wherever  possible 
advising  the  client  against  the  adoption  of  jjlans  that  will  be  the  cause 
of  ultimate  injury  to  neighboring  property,  constituting  a  claim  in 
equity,  i^ossibly,  against  him. 

The  author's  grave  suggestions  of  the  evils  of  overloading  a 
stratum  that  rests  on  softer  material,  causing  lateral  displacement  or 
squeezing  out  under  the  pressure,  and  consequent  injury  to  other 
buildings  even  at  a  consideraV)le  distance,  are  not  overdrawn.  The 
writer  knows  of  cases  in  point,  and  especially  of  one. in  which  all  the 
buildings  on  the  opi^osite  side  of  a  street  for  a  considerable  distance 
were  set  in  motion  and  some  of  them  wrecked  by  such  overloading. 

The  conditions  at  present  prevailing  iu  New  York  are  peculiar  and 
to  some  extent  limit  the  choice  of  methods;  at  the  same  time  the  ex- 
perience is  valuable  to  all.  The  instance  cited  where  the  adoption  of 
a  pile  foundation  was  impracticable  because  the  entire  building  space 
was  insufficient  to  provide  room  for  the  number  of  piles  required  under 

•  Vol.  XLU,  p.  6. 
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Mr.  Crowell.  the  building  law  is  suggestive  in  connection  with  the  remai'ks  of  the 
author  in  regard  to  the  mistake  of  assuming  the  sustaining  power  of  a 
pile  foundation  to  be  in  all  cases  the  sum  of  the  safe  loads  on  the 
individual  piles.  In  the  writer's  paper  on  "Uniform  Px-actice  in  Pile 
Di*iving,"*  this  question  of  overloading  a  stratum  bv  driving  piles  too 
thickly  is  discussed,  as  are  also  the  imijortance  and  the  method  of  ad- 
justing the  unit  support  in  a  foundation  to  the  requirements  of  a 
building  so  as  to  obtain  uniform  loading,  and  the  further  considera- 
tion of  iJro\4ding  for  the  effects  of  vibrations,  of  machinery,  wind,  etc. , 
to  which  the  aiithor  refers. 

Every  foundation  forms  a  special  study  and  it  is  not  exag-gerating 
to  say  that  in  many  cases  it  is  the  most  important  feature  in  the  entire 
structure,  calling  for  the  very  best  of  engineering  talent  for  examina- 
tion and  advice.  The  amount  of  money  that  owners  could  have  saved 
in  known  instances  by  proper  methods,  as  against  the  unconsidered 
means  adoj^ted,  has  been  very  great,  and  the  same  rash  waste  goes  on 
in  numerous  cases  still,  because  the  owner  is  not  aware  of  the  pecun- 
iary value  of  the  right  kind  of  engineering  advice,  in  addition  to  the 
safety  and  security  afforded. 

A  great  mistake  often  made  is  to  adopt  a  foundation,  based  on  ex- 
perience of  others  elsewhere,  before  the  site  is  examined  to  ascertain 
its  suitability.  A  thorough  exjjloration  and  examination  by  a  fully 
competent  consulting  engineer  should  precede  the  architectural  plans 
just  as  certainly  as  the  search  of  title  is  a  precedent  of  purchase,  and 
with  the  same  end  in  view,  viz.,  to  guard  the  owner  against  injury. 

It  would  be  a  desirable  measure  for  the  Building  Department  to 
collect  systematically  and  plot  data  from  every  building  excavation 
and  boring,  of  the  geologic,  topographic  and  hygrometric  conditions 
of  the  strata  encountered,  so  that  in  course  of  time  there  would  be 
built  up  a  complete  underground  map  of  the  city,  for  the  use  of  all. 
Examinations  disclosing  suitable  founding  strata  are  as  important  as 
those  develojnng  the  contrary. 
Mr.  Thomson.  T.  Kennakd  Thomsox,  M.  Am.  Soc.  C.  E. — As  the  author  points  out 
if  the  foundations  of  a  building  are  \nii  more  than  10  ft.  below  the  curb, 
the  owner  is  responsible  for  the  safety  of  the  adjacent  walls,  even  if 
they  are  badly  constructed  or  on  entirely  inadequate  bearings.  Sooner 
or  later  the  owner  of  some  of  these  insecure  buildings  will  find  that  his 
confidence  has  been  misi)laced,  for  the  construction  of  the  foundations 
for  a  new  building,  two  or  three  lots  away,  will  draw  the  water  and 
sand  from  under  the  over-loaded  foundations,  when  a  bad  collapse  will 
be  certain,  and  even  the  i)resent  building  laws  will  not  help  him. 

Would  not  some  such  clause  as  tlie  following  be  just  to  all  parties: 

The  owner  of  any  building  over,  say,  seven  .stories  high,  the  foun- 
dations of  which  are  not  carried  to  rock  by  means  of  piles  or  caissons, 

•  See  TrantaclioM,  Vol.  XXVII,  p.  99. 
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must  take  measures  to  render  his  own  building  safe  whenever  excava-  Mr.  Thomson, 
tions,  etc.,  are  carried  on  in  adjacent  or  near-by  lots. 

Beside  the  objections  of  decay,  etc.,  raised  by  the  author  against  pile 
foundations  in  the  lower  New  York  quicksands,  there  is  a  great  diffi- 
culty in  making  sure  that  the  piles  are  driven  to  rock,  for  even  a  good 
engineer  will  often  have  his  doubts  on  this  matter,  to  say  nothing 
of  a  contractor  cutting  off  the  piles  too  soon  when  not  watched. 

There  is  at  least  one  modern  high  building  in  lower  New  York  on  a 
concrete  foundation  which  is  so  heavily  over-loaded  that  no  reliable 
contractor  would  care  to  put  in  the  foundations  for  buildings  on  the 
adjacent  lots.  The  author  is  quite  light  in  saying  that  it  is  true  economy 
to  go  to  rock  with  a  pneumatic  caisson  for  high  buildings  in  a  case  like 
this,  for  no  reliance  can  be  placed  on  a  rock  foundation  unless  it  can  be 
insjjected  personally. 

The  writer  thinks  that  the  author  is  wrong  in  advocating  a  force  ac- 
count, for  all  contractors  have  not  his  honesty  and  ability,  nor  can  even 
he  be  sure  that  his  men  will  always  be  as  honest  and  caj^able  as  himself. 
The  following  figures  give  the  cost  of  some  work  done  under  a  force 
account  contract: 

Material  in  coflfer-dams 822  667 

Concrete 9  172 

Plant  7  579 

Extra  work 88  737 

Total 8128  155 


On  the  other  hand,  the  writer  has  known  cases  where  the  contract- 
ors paid  out  from  20  to  -^0%  more  than  they  received,  which  better 
management  might  have  saved. 

The  New  York  building  laws  allow  at  present  20  tons  on  a  timber 
pile  not  less  than  5  ins.  thick,  resisting  power  not  stated;  15  tons  on 
solid  rock,  and  10.8  tons  on  concrete.  As  the  author  states,  the  load 
on  the  piles  would  be  all  right  if  the  piles  were  big  enough  and  long 
enough,  but  even  poor  rock  or  concrete  ought  to  be  good  for  as  much. 

The  writer  recently  crushed  four  6-in.  cubes  of  concrete  nine 
months  old.  All  were  made  of  one  part  of  Portland  cement,  two  parts 
of  clean  sand  and  four  parts  of  trap  rock  passing  a  1  i  -in.  ring.  The  first 
was  loaded  over  its  entire  surface,  and  when  the  load  reached  39  000 
lbs.  the  sides  cracked  olf,  leaving  a  block  of  concrete  4  ins.  square  by 
6  ins.  high,  which  finally  collapsed  at  104  800  lbs.  or  2  910  lbs.  per 
square  inch.  The  second,  third  and  fourth  had  the  load  concentrated 
on  a  4-in.  block  or  16  sq.  ins.  The  second  broke  at  69  640  lbs.  or 
4  350  lbs.  per  square  inch;  the  third  broke  at  84  300  lbs.  or  5  270  lbs. 
per  square  inch,  and  the  fourth  broke  at  87  590  lbs.  or  5  470  lbs.  per 
square  inch.  The  first  two  were  of  a  well-known  European  Portland 
cement,  and  the  last  two  of  an  equally  well-known  American  Portland. 
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Mr.  Thomson.  These  cubes  were  made  bv  the  -writer  while  employed  as  first  assistant 
engineer  by  Messrs.  Jacobs  and-Davies,  chief  engineers  of  the  New  York 
and  Long  Island  Construction  Company  and  Bridge,  and  through 
their  courtesy  he  was  allowed  to  make  the  test. 
Mr.  Harris.  E.  L.  Habris,  M.  Am.  Soc.  C.  E. — When  the  author's  company 
built  the  foundation  for  the  Manhattan  Building  in  New  York  City, 
the  first  use  of  pneumatic  caissons  for  this  purpose,  the  work  marked 
a  long  step  forward  and  solved  many  interesting  questions  to  the  great 
advancement  of  securing  foundations  for  heavy  buildings,  as  also  in 
other  directions. 

The  author  states: 

"  In  one  case  in  lower  New  York  where  a  very  massive  and.  well- 
built  structure  resting  upon  gravel  and  sand  cracked  after  it  had  been 
in  use  a  considerable  time,  the  only  new  condition  introduced  to  which 
it  seemed  possible  to  attribute  the  settlement  manifested  was  pump- 
ing clear  water  from  a  nearby  driven  well.  It  seemed  reasonable  to 
assume  that  the  water  flowing  through  the  sand  made  possible  a  slight 
readjustment  of  the  particles  which  settled  into  closer  union  under 
the  vibration  of  the  machinery  in  the  building." 

Another  reason  may  be  given,  which  has  been  little  considered. 
Water  occupies  space  in  the  ground  and  is  a  supporting  element  prac- 
tically incompressible;  when  excavations  are  made  below  the  ground 
water  level,  as  for  tunnels,  deep  cuts,  sewers,  etc. ,  the  ground  fre- 
quently cracks  and  opens  some  distance  away,  in  cases  over  100  ft., 
endangering  structures.  The  previous  level  of  the  ground-water  has 
been  lowered  by  the  draining  and  pumping,  and  this  evenly  distrib- 
uted supporting  medium  has  been  withdrawn  and  its  bulk  displaced, 
except  as  elastic  air  may  fill  the  voids.  A  notable  instance  of  this  on  a 
large  scale  occurred  recently  at  New  Orleans.  Care,  therefore,  should 
be  taken  in  sinking  foundations  below  those  of  adjoining  buildings  that 
much  of  the  water  from  their  supporting  ground  be  not  abstracted. 

The  author  also  speaks  of  the  dangerous  effect  of  lowering  the 
level  of  ground-water  in  the  case  of  pile  foundations;  this  is  some- 
times dangeroiis  when  the  adjoining  buildings  are  built  directly  on 
sand  or  gravel. 

In  regard  to  the  hydraulic  method  of  sinking  foundation  caissons 
for  the  Johnston  Building  in  New  York,  it  should  be  remembered  that 
this  is  the  first  prominent  examj^le  of  such  work  for  heavy  building 
foundations  in  the  vicinity.  Caissons  sunk  by  water  have  been  in- 
vented within  the  past  two  years  from  which  the  possible  objections 
stated  are  eliminated. 
Mr.  Hunt.  Ranuell  Hunt,  M.  Am.  Soc.  C.  E. — If  the  foundation  of  a  heavy 
building  is  regarded  as  an  engineering  problem,  there  should  seldom 
be  any  error  in  its  general  design,  for  an  independent  investigation 
would  be  made  of  each  site  and  the  correct  application  of  engineering 
princii)leH  would  determine  the  character  of  construction  necessary. 
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Hard  and  fast  methods  will  not  apply  to  foundation  practice,  whether  Mr.  Hunt, 
for  a  building  or  a  bridge,  and  the  situation  must  always  be  studied 
with  regard  to  the  character  of  the  soil  and  its  liability  to  change  in 
the  future.  Serious  errors  in  overloading  soils  have  been  made  in  the 
foundations  of  many  large  structiu-es  where  they  have  been  founded 
directly  upon  wet  loam  and  clay.  An  investigation  of  a  large  number 
of  failures  of  foundations  throughout  the  world  has  resulted  in  this 
conclusion,  and  has  shown  that  this  bad  practice  is  still  carried  on  in 
certain  jiarts  of  this  country.  Such  soils  have  not  the  supporting 
strength  usually  ascribed  to  them. 

From  this  fact  it  should  not  be  inferred  that  a  heavy  building  can- 
not be  placed  directly  upon  such  soils,  but  simjDly  that  the  pressures 
must  be  reduced  considerably  below  the  apparent  strength  of  the  soil 
when  first  tested  and  investigated.  Although  a  stratum  of  more  or  less 
firm  earth  often  overlies  a  softer,  watery  material,  yet  the  pressure 
transmitted  to  the  latter  may  be,  and  often  is,  beyond  the  amount 
which  it  can  carry  safely.  In  the  writer's  opinion  this  is  without 
doubt  the  chief  cause  of  the  settlement  of  many  Chicago  buildings, 
viz.,  the  compression  of  the  softer  underlying  soil,  although  the  load 
upon  the  top  stratum  might  be  well  within  its  own  supporting  power 
if  it  were  of  greater  depth. 

There  have  been  comparatively  few  failures  of  foundations  placed 
upon  confined  sand.  If  there  is  every  reason  to  believe  that  no  extra- 
neous conditions  are  likely  to  arise,  such  as  deep  excavations  in  the 
neighborhood  or  the  flooding  of  the  site  "ndth  water,  then  it  is  seldom 
that  a  building  is  constructed,  the  foundation  of  which  can  not  be  de- 
signed within  such  limits  as  to  give  perfectly  safe  pressures  upon  the 
sand.  When  such  modifying  conditions  are  likely  to  arise,  however, 
and  it  is  the  duty  of  every  engineer  to  investigate  these,  then  recourse 
must  be  had  to  other  methods,  but  whether  the  end  must  be  achieved 
by  open  cylinders,  jineumatic  caissons,  or  piles,  ajjpears  to  be  a  ques- 
tion more  or  less  undeterminate  in  advance  of  a  thorough  investigation 
of  the  physical  characteristics  and  permanence  of  the  foundation  site. 
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WITH  DISCUSSION. 


The  theory  of  the  transverse  strength  of  beams  of  any  shape  is 
based  on  the  assumption  that  the  intensity  of  fiber  resistances  is 
directly  proportional  to  the  respective  distances  of  the  fibers  from  an 
axis  called  neutral,  and  that  the  sum  of  all  the  fiber  stresses  above  tho 
axis  is  equal  to  the  sum  of  those  below.  Hence  the  neutral  axis  must 
pass  through  the  center  of  gravity  of  the  beam  section,  and,  as  a  con- 
sequence, the  maximum  fiber  stress  in  beams  of  unsymmotrical  sec- 
tion is  at  those  extreme  fibers  which  are  most  distant  from  the  neutral 
axis.     A  further  consequence  of  this  theory  is  that  no  matter  what 
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may  be  the  material  and  section  of  the  beam,  its  transverse  strength 
in  regard  to  the  neutral  axis  is  the  same,  whether  the  extreme  fibers 
parallel  to  this  axis  ai-e  subjected  to  the  one  or  to  the  oj^posite  kind  of 
forces.  It  is  also  maintained  that  beams  of  a  material  whose  resist- 
ances to  crushing  and  rupture  are  not  equal  must  invariably  break 
first  at  the  weakest  fibers. 

It  is  well  known  how  unsatisfactory  are  the  results  of  the  above 
theory,  which  are  substantiated  by  experiments  in  only  a  few  cases. 
It  is  known,  for  instance,  that  cast-iron  beams  of  angle  or  J  section 
are  stronger  when  the  compression  forces  are  acting  in  the  webs  in- 
stead of  in  the  flanges,  and  that  in  breaking  timber  beams  the  fibers  in 
tension  rupture  before  the  compression  fibers  are  affected,  although 
the  tensile  strength  of  the  wood  may  be  four  or  five  times  as  great  as 
its  compressive  strength.  This  last  phenomenon,  as  also  some  experi- 
ments made  on  beams 
of  different  materials, 
leads  the  author  to  "7 
the  conclusion  that  i 
the  lower  and  upper  ^"i" 
fibers  of  beams  under 
transverse  breaking 
load  are  strained  to 
their  maximum  fiber 
resistances.  This  is 
the  fundamental  principle  on  which  the  following  theory  is  based. 

Let  Fig.  1  represent  a  rectangular  beam  fixed  at  one  end  and  bent, 
say  to  the  breaking  point,  by  a  force  W  attached  at  the  other  end. 
The  weakest  place  of  such  a  beam  is  at  the  plane  A  B,  which,  under 
the  influence  of  the  moment  W/,  will  rotate  around  a  certain  axis  0. 
This  rotation  is  opposed  by  p  s,  consisting  of  a  leverage  s  and  the  siim 
of  all  the  fiber  resistances  p,  above  or  below  the  axis  0,  along  the  plane 
A  B.  The  question  arises  what  is  the  intensity  of  p,  and  what  is  the 
relation  and  jjosition  of  .s  to  the  height  of  the  beam  section  and  its  ro- 
tation axis  respectively?  Let  .r  denote  the  distance  of  the  rotation  axis 
from  the  lower  compressed  fibers,  the  distance  of  the  tension  fibers 
will  be  h  —  X.  The  fibers  at  A  are  strained  to  their  utmost  capacity, 
say  with  a  tensile  stress  T  pounds  per  square  inch,  and  the  fibers  at 
B  are  also  strained  to  their  utmost  capacity  with  a  crushing  stress  of  C 


1 

,, 

^^''t 

/    Is 

-0 — 

B 

^= 

1 

1 

, 

Fig.  1. 


486  LEWINSOX  ox  TRANSVERSE  STRENGTH  OF  BEAMS. 

pounds  per  square  inch.  These  forces,  being  maximum  at  the  extreme 
fibers,  diminish  in  intensity  toward  each  other  in  a  direct  ratio  to  the 
distances  of  the  fibers  from  the  rotation  axis,  where  they  meet  and  are 
zero.  Therefore  they  can  be  represented  graphically  as  areas  of  tri- 
angles, the  bases  of  which  are  T  a  and  Ca,  and  the  heights  x  and 
li  —  X  respectively.  The  sum  of  all  the  forces  represented  by  each  of 
the  triangles  being  the  forces  of  a  couple,  they  must  be  equal  to  each 

other,  i.  e., 

^Cax  =  \  Ta{h—x). 


From  this  equation  it  will  be  found  that: 

T 


(1) 


•   -  c+T'     

the  fundamental  expression  for  the  position  of  neutral  axis  for  rectan- 
gular beams.  Making  C  =  T  in  the  above  formula,  as  is  nearly  true 
in  wrought  iron,  x  will  equal  \  h  and  coincide  with  the  axis  through 
the  center  of  gravity.      For  cast  iron  (tension,  20  000;  compression, 

C  C 

100  000),      ^  =  5;   therefore  x  =   \  h.      For  yellow   pine,   —^    =    i 

and  ;c  =  f  h. 

The  foregoing  shows  that  the  position  of  the  neutral  axis  in  a 
rectangular  beam  is  nearer  to  those  extreme  fibers  whose  resistance  is 
gi-eatest. 

It  is  further  evident  that  the  resultant  of  all  the  fiber  resistances 
will  act  at  the  center  of  gra^^ty  of  the  triangle  rejiresenting  them,  i.  e. , 
at  one-third  of  the  height  of  the  triangle,  or  at  two-thirds  of  the  dist- 
ance from  the  apex  0 ;  therefore  s  =  -f  .r  +  f  (7i  —  x)  =^  §  7<,  or  the  lev- 
erage of  a  couple  in  a  rectangular  beam  is  always  two-thirds  of  its 
height,  and  its  position  in  the  section  of  the  beam  is  dependent  on  the 
position  of  the  neutral  axis.  This  proposition  is  identical  with  the 
general  mechanical  law  that  the  resultant  fiber  resistances  act  at  the 
antipoles  of  the  neutral  axis  in  regard  to  the  ellipse  of  gyration  in  the 
parts  of  the  beam  section  above  and  below  the  axis.  As  will  be  seen 
later  this  general  mechanical  law  is  also  true  in  this  new  theory  for  all 
sections,  except  that  the  neutral  axis  does  not  alwaj's  coincide  with  the 
axis  through  the  center  of  gravity. 

Having  found  the  magnitude  and  position  of  p  and  .<!,  it  is  now  pos- 
sible to  calculate  the  transverse  strength  of  a  beam,  knowing  only  the 
crushing  and  tensile  resistances  of  any  material. 
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Referring  again  to  Fig.  1  : 

p  =  \  Cnx  =  \  Ta[h  —  x) 
and  substituting  in  this  equation  the  value  for 

T 


C+  T 


h, 


C  T 
it  will  be  found:  p  =  \  -tt-, — Tp  n  h 

0  -f-  I 

And  the  moment  will  be  : 

M=ps  =  ^^^^  a  h' (2) 

For  C  =  Tihe  moment  will  be  M  =1  C  a  h^  =  p  s  the  familiar 
formula,  in  which  \  a  h'  is  the  moment  of  resistance  of  a  rectangular 
beam  by  the  common  theory.  For  glass*  it  has  been  found  that 
C  =  30  150  lbs.,  and  r=2  560  lbs.,  and  a  1-in.  square  bar  12  ins. 
between  supports  broke  with  a  center  load  of  262  lbs.  Substituting 
the  values  for  (7 and  Tin  formula  (2),  and  noting 
that  ^  =  a  =  lin.  and  /=12  ins.,  3  Wl=  786.5, 
or  the  theoretical  center  breaking  weight  W  = 
2621  lbs.,  which  is  identical  with  the  one  found 
by  experiment. 

For  cast  iron  the  author  made  a  series  of  ex-  fig.  2. 

periments  on  beams  of  various  cross-sections,  the  results  of  which  are 
appended  in  Table  No.  1.  Before  explaining  these  it  is  desirable  to 
show  the  derivation  from  this  theory  of  formulas  for  other  than 
rectangular  shapes. 

Let  Fig.  2  represent  a  section  of  a  triangular  beam,  having  a  base 
<i,  and  height  b.  At  the  apex  the  fibers  are  compressed  with  a  crush- 
ing stress  C  per  square  inch,  and  the  fibers  at  the  base  are  stretched 
with  a  tensile  stress  T  per  square  inch.  If  the  neutral  axis  passes 
through  the  triangle  parallel  to  and  at  distance  x  from  the  base,  the 

sides  of  the  triangle  will  cut  from  the  neiitral  axis  a  distance  ^{b  —  x), 

and  the  diflference  between  a  and  t-  (^  —  ■'^)  will  be  —  x.  Knowing  also 
that  the  sum  of  all  the  intensities  in  a  triangle  in  regard  to  its  base  is 
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one-third  of  the  area  of  the  triangle  multiplied  by  the  unit  of  resist- 
ance, the  following  equation  may  be  written  : 


\'h' 


From  which   x  = 


xf 


lTa.-lTl.c^. 


.(3) 


7.  [2  (7+3  T±  v/(8  C+9  T)  T]. 


.(4) 


If  the  bar  is  reversed  so  that  the  crushing  stress  C  acts  at  the  base  and 
the  tensile  stress  T  at  the  apex  of  the  triangle,  it  is  only  necessary  to 
substitute  in  formula  (4)  T  for  C,  and  C  for  T,  to  get  the  value  for  x, 
which  is  : 

b  ,  

^  =  2((7+T)[^  T-hSC±V{8T+9C)C] 


If  C  equals  T,  x  will  be  0.219224  b.  Having  determined  the  jjosi- 
tion  of  the  neutral  axis  and  substituting  the  value  for  x  in  formula  (3), 
three  distinct  quantities  are  obtained.  ^  ^  ^ 

Since  the  resultant  of  the  intensities 
in  such  a  triangle  finds  its  point  of 
application  on  the  line  drawn  from 
the  apex  to  the  center  of  the  base 
in  a  perpendicular  distance  of  one- 
half  the  height  of  the  ti-iangle  from 
the  base,  it  is  easy  to  calculate 
the  leverage   of    the   couj^le.      For  instance 


h         


d 


Fig.  3. 

if  X  =  s^;    b  —  X  =  .%  ; 

{b  —  xY  =  p]  ^  T  a  X  =  pi  ;  ~  T  —  x'  =  p., ;  then   the    moment 
of    resistance  will   be  :    p  s  =  ^  p  s.^  +  (i  Pi  —  i  po)-ti  in  which  p, 


e'^l 


P^—i  Pi 


1-  Sj  =  Sq  or  /)  s  =p  (^  §2  +  s^ ;   s^^  and  \  s.j  are 


—  p.,  =  n  and 

measured  from  the  neutral  axis,  and  they  are  dependent  on  the  posi- 
tion of  this  axis  or  on  C  and  T. 

The  neutral  axis  in  a  beam  of  the  section  shown  in  Fig.  3  may  pass 
through  the  web,  or  through  the  flange,  or  through  the  edge  ^  B  of 
the  flanges,  i.  e. ,  the  sum  of  the  intensities  in  the  web  may  be  greater, 
smaller,  or  equal  to  the  intensities  in  the  flange.  Only  the  first  two 
cases  will  be  cousidered,  as  the  third  case  needs  no  explanation. 

First  Case. — Let  the  neutral  axis  pass  through  the  web  of  the  beam, 
and  let  C  be  the  cmshing  stress  per  square  inch  at  the  top  of  web,  and 
rthe  tensile  stress  at  the  bottom  edge  of  the  flange;  then  the   unit 
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of  tensile  resistance  aX  A  B  will  be  :   T- ,    and    the     following 

equation  for  x  may  be  written  : 

\  Cc{b  —  x)  =  i  Ta x—\  T{a  —  c)  ^■'^~^\ (5) 

,,    2T{a  —  c)d—Cbc  T  {n  —  c)    ^.       „ 

"^"■+ c(C+T) •^-cTa  +  T)^    =' 

Second  Case. — Let  Fig.  4  represent  the  beam  section  when  the  neu- 
tral axis  passes  through  the  flange.  If  C  denotes  the  crushing  stress 
per  square  inch  at  the  top  edge  of  the  flange,  and  T  the  tensile  stress 
at  the  bottom  edge  of  the  web,  then 

i  Ca  (&  —  .r)  =  i  Tc.r  +  i  T  (a  —  c)  P^  —  ^^  —  ^O] ^g^ 

^,.    o       Cab  +  2  T{a  —  c)(h-d)           T  [a  -  c)  {h  -  dY        . 
'"'■'^-^  a[C+T) ''  + ^C^T) =  ^ 

The  determination  of  the  couple  leverage  s  is  similar  to  that  in  the 

case   of  the    triangular   shape,   noting 

!* a -^ 

-T-      only   that  for  each   part  of  the   beam 

Zi^    the  sum  of  intensities  acts  at  two-thirda 


of  their  heights  from  the   axis.     In  a 
similar  way,  x  and  .<?  may  be  found  for 
any  shape, 
"c"*  Table  No.  1  has  been  prepared  ac- 

Fio.  4.  cording  to    this    theory.      Three   test 

pieces  for  each  experiment  have  been  east  from  ordinary  foundry 
iron,  a  mixture  of  about  50°^  2  X  Low  Moor  pig,  and  about 
bQ%  stove  and  machine  scrap.  Each  specimen  with  a  corresponding 
mark  in  column  2  was  cast  from  the  same  ladle.  All  the  specimens 
were  broken  in  a  100  000-lb.  Riehle  testing  machine,  and  tensile  and 
crushing  specimens  prepared  from  the  broken  pieces.  For  the  ten- 
sile tests  the  rectangular  and  triangular  bars  were  turned  down  to 
about  tin.  diameter  for  a  distance  of  6  ins.,  and  from  the  T  hars 
flats  were  cut  about  0.4  x  0.8  ins.  for  a  distance  of  6  ins.  For  the  crush- 
ing tests,  specimens  of  about  I  x  j-in.  base  and  li  ins.  high  were  cut 
from  the  rectangular  and  triangular  bars;  and  pieces  of  about  0.4  x  0.4 
in.  base  and  about  0.8  in.  high  from  the  T  bars. 

While  these  tests  are  not  all  that  is  to  be  desired,  they  neverthe- 
less serve  to  confirm  the  theory  here  presented.  It  at  least  clears  up 
to  the  student  of  mechanics  the  diflSculties  of  the  moment  of  resist- 
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ance  and  shows  that  this  moment  is  not  always  the  same  in  the  same 
beam  in  regard  to  the  neutral  axis.  In  many  text  books  it  is  stated 
that  to  find  the  moment  of  resistance  of  an  unsymmetrical  section,  divide 
the  moment  of  inertia  for  safety  by  the  greater  distance  of  extreme 
fibers  from  the  neutral  axis,  implying  that  the  smaller  distance  would  be 
also  correct.  This  is  clearly  not  true,  because  from  the  manner  of  de- 
rivation of  the  moment  of  inertia  the  greater  value  must  be  used,  and 
the  value  so  found  multiplied  by  the  stress  coeflBcient. 

In  column  8  of  Table  No.  1  are  given  the  center  breaking  loads  as 
found  by  tests  and  by  calculations,  according  to  the  theory  here  ad- 
vanced. They  correspond  fairly  well  with  each  other  except  in  the  T 
bar  section  with  the  web  uf-),  where  undoubtedly  the  wrinkling  and 
buckling  stresses  added  materially  to  the  destruction  of  the  material. 
The  longitudinal  and  vertical  shearing  stresses  were  also  not  taken 
into  account  in  these  calculations.  From  equations  (1),  (3),  (5)  and 
(6j  it  is  readily  seen  that  the  value  of  x  or  the  position  of  the  neutral 
axis  does  not  change  if  multiples  of  T  and  C  are  taken,  showing  that 
these  formulas  are  also  correct  in  case  the  working  stresses  are  taken 
in  place  of  C  and  T.  Equation  (2)  shows  also  that  having  two  of  the 
three  values,  C,  T,  and  W,  the  third  can  be  determined.  For  in- 
stance, a  1-in.  square  bar  of  brass,  12  ins.  between  supports,  broke  with 
a  center  load  of  1 150  lbs.  The  tensOe  strength  of  this  metal  was  found 
to  be  17  970  lbs.  per  square  inch.  Substituting  these  values  for  Tand 
TFin  equation  (2),  the  value  of  C  is  found  to  be  24  408  lbs.  per  square 
inch. 

This  theory  not  only  gives  results  more  nearly  in  accord  with  those 
found  by  experiment  than  the  common  theory,  but  gives  also  a  con- 
ception of  the  stresses  working  in  a  beam.  In  designing,  it  permit? 
the  choice  of  the  most  api^ropriate  cro.ss-section  and  material  for  any 
given  purpose  on  a  rational  basis.  In  closing  the  author  may  add 
that  he  hopes  a  better  and  more  extensive  series  of  experiments  bear- 
ing on  this  subject  will  be  made  on  materials  more  homogeneous  than 
those  used  for  illustration  in  this  paper. 
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DISCUSSION 


Mr.Marstrand.  O.  J.  Makstkand,  M.  Am.  Soc.  C.  E. — In  referring  to  the  common 
theory  of  Hexure  the  author  states  only  one  of  the  fundamental  laws 
upon  which  this  theory  is  formulated,  viz. ,  that  the  intensity  of  fiber 
resistance  is  directly  proportional  to  the  distance  from  the  neutral  axis, 
and  omits  the  other,  viz.,  that  under  small  stresses  the  changes 
of  shape  are  approximately  directly  proportional  to  the  forces  that 
produce  them;  it  is  these  two  laws  in  conjunction  that  make  the 
stresses  above  and  below  the  neutral  axis  directly  proportional  to  their 
distance.  That  the  sum  of  the  horizontal  forces  above  and  below  the 
neutral  axis  must  be  zero  is  a  fundamental  law  of  pure  mechanics, 
which  is  no  more  applicable  to  the  theory  of  flexiu'e  than  to  any  other. 
The  author  omits  to  state  that  the  common  theory  of  flexiare  is  only 
supposed  to  be  applicable  to  stresses  within  the  elastic  limit  of  the 
material  for  the  very  reason  that  the  law  referred  to,  the  jjropor- 
tionality  of  stress  to  change  of  shape,  or  the  value  of  E,  is  only 
assumed  to  be  valid  for  small  stresses.  The  word  "small"  is  of 
course  a  relative  term,  having  a  different  meaning  for  different  ma- 
terials; for  wrought  iron  it  is  a  much  larger  quantity  than  for  cast  iron 
and  timber.  In  the  latter  cases  it  has  been  difficult  to  determine  the 
elastic  limit,  but  for  the  stresses  used  in  designing  in  any  of  these 
materials,  the  common  theory  of  flexure  is  generally  accejjted  as 
rational.  In  order  to  substitute  a  new  theory  for  the  common  theory, 
the  author  would  have  to  jjrove,  first,  that  the  common  theory  is  not 
rational  within  the  limit  of  elasticity,  for  it  is  within  this  limit  only 
that  the  designer  is  working,  and  this  the  author  does  not  attempt  to 
do  at  all;  secondly,  he  would  have  to  prove  that  the  theory  which  he 
does  offer  is  rational  within  the  elastic  limit,  and  this  does  not  follow 
aljsolutely  from  his  assumption  and  experiments  made  for  rupture 
only.  It  is  quite  true,  as  he  states,  that  if  any  multiple  of  C  or  The 
taken,  the  value  of  x  in  equation  (1)*  remains  the  same,  but  it  does  not 
follow  that  C  and  T,  assumed  as  maxima  for  rupture,  should  decrease 
in  the  same  ratio,  especially  when  the  stresses  range  below  the  elastic 
limit. 

Referring  to  the  assumption  mentioned,  upon  which  the  author 
bases  his  theory,  the  speaker  questioned  its  general  ai)])licability,  even 
to  cases  of  rupture,  and  could  not  accept,  without  further  argu- 
ment at  least,  the  hypothesis  that  the  resistances  of  the  lower  and 
upi)er  fibers  should  reach  their  maxima  simultaneously,  no  matter 
what  the  sliape  of  the  section.  Neither  could  he  accejjt  the  theory 
that  stresses  beyond  the  elastic  limit  decrease  in  direct  proportion  as 

*  See  page  486. 
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tlicy  appi'oach  tlie  point  of  rotation.     Keferring   to  the  experiments  Mr.Maretrand. 

made  by  the  author,  it  is  unfortunate  that  the  discrepancies  between 

the  actual  and  computed  stresses  should  be  greatest  in  the  case  of  the 

T-shape  cast-iron  beam    with  its  flange  down,  as  this  is  in  a  modified 

form,  the  proper  shape  to  be  used  for  such  beams.     The  point  is  well 

taken,  that  the  buckling  of  the  web  led  to  the  irregularities,  as  it 

shows  the  importance  of  having  also  a  small  compression  flange  in 

such  beams. 

H,  W.  Bkinckeehoff,  M.  Am.  Soc.  C.  E. — According  to  the  assump-  Mr.  Brincker- 
tions  of  the  author  any  beam  would  be  as  likely  to  fail  by  compression  °  ' 
as  by  tension,  because  the  neutral  axis  so  adjusts  itself  that  the  extreme 
fibers  on  each  side  are  just  at  the  point  of  rupture  at  the  same  time. 
In  fact,  all  beams  should  theoretically  fail  on  both  sides  at  once,  which 
does  not  agree  with  observed  results.  It  is  also  difficult  to  see  how, 
upon  his  theory,  anything  is  gained  by  using  a  T  section  for  cast-iron 
beams,  which  is  found  in  jjractice  to  be  a  good  form  to  employ  if  the 
rib  is  in  compression. 

W.  H.  Breithaupt,  M.  Am.  Soc.  C.  E. — Investigations  into  the  theory  Mr.Breithaupt 
of  flexure,  to  be  of  any  value,  must  be  confined  to  what  takes  place 
below  the  elastic  limit.  It  has  been  long  established  that  the  ratio  of 
stress  to  strain  is  constant  below  this  limit,  while  beyond  it  this  does 
not  hold  true.  It  is  therefore  futile  to  attempt  by  means  of  observa- 
tion of  what  takes  place  at  rupture  to  establish  something  governing 
conditions  below  the  elastic  limit.  The  author's  table  of  results  of 
tests,  given  in  supjjort  of  his  theory,  indicates  in  the  large  variation 
in  the  results  of  experiments  on  pieces  of  similar  size  the  difficulty  of 
securing  comparable  data,  even  with  the  greatest  care,  with  a  material 
so  lacking  in  uniformity  as  cast  iron. 

There  is  a  considerable  variation  of  most  of  the  actual  results  from 
those  comjjuted  on  the  author's  theory.  In  the  group  where  approxi- 
mate agreement  might  be  looked  for,  that  of  an  inverted  T  section  giv- 
ing compression  in  the  smaller  area  and  tension  in  the  greater,  the 
variations  are  greatest,  being  as  much  at  20.2^'o  in  one  case.  Applying 
the  common  formula  for  rujiture, 

„       0.75  (2  f>  4-   W)l 

to  the  rectangular  si)ecimens,  the  first  six  of  the  table,  obtaining  from 
the  sixth  the  value  of  li  =  28  140,  and  using  this  for  the  other  five, 
the  results  obtained  for  breaking  loads  are,  in  the  order  of  the  table, 
1  272,  1  266,  1  274,  2  470  and  2  501.  Although  these  do  not  prove 
much,  owing  to  the  unreliability  of  the  material,  they  are  in  every  case 
in  better  accord  with  the  actual  results  than  those  obtained  by  means 
of  the  author's  theorv. 
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Mr.Breithaupt  The  term  "  moment  of  resistance  "  is  used  in  the  paper  for  the  mo- 
ment of  inertia  divided  by  the  distance  to  the  extreme  fiber,  7-^  n. 
The  term  Las  another  well-established  meaning,  //  -i-  «.  It  has  been 
proposed  to  call /-f-n  the  section  modulus  and  designate  it  by  the 
symbol  »S,  as  is  done  by  Prof.  Reuleaux,  and  this  might  well  be  gen- 
erally adoi)ted. 
Mr.  Emeiy.  Chakles  E.  Emery,  M.  Am.  Soc.  C.  E. — The  entire  discussion  has 
l^roceeded  on  the  assumption  that  the  longitudinal  stresses  upon  the 
IJarticles  of  material  at  any  vertical  cross-section  of  a  beam  are  pro- 
portional to  the  distances  of  the  particles  from  the  neutral  axis; 
whereas  it  can  be  proved  easily  that  this  assumption  is  incorrect,  as 
is  shown,  moreover,  by  the  behavior  of  beams.  In  practice  a  beam 
will  not  break  until,  on  this  assumption,  the  theoretical  stress  upon 
the  outer  fibers  is  double  or  at  least  much  in  excess  of  that  which  the 
material  will  resist  in  the  testing  machine,  showing  j^lainly  that  the 
portion  of  the  material  near  the  neutral  axis  carries  a  larger  proportion 
of  the  load  than  its  position  would  indicate  according  to  the  common 
theory.  The  reasons  why  this  is  possible  were  given  by  the  speaker 
17  years  ago  in  a  i^aper,*  with  illustrations,  entitled  "Flexure  and 
Transverse  Resistance  of  Beams. " 
Mr.  Waite.  GuT  B.  Waite,  Assoc.  M.  Am.  Soc.  C.  E. — Mr.  Emery's  theory  shows 
an  accommodation  in  the  distribution  of  stresses  and  strains  produced 
during  the  transverse  loading  of  beams,  which  is  not  recognized  by 
the  common  theory  of  flexure,  while  the  author's  theory  shows  an 
accommodation  in  the  location  of  the  neutral  axis  under  such  a  con- 
dition. Both  theories  give  reasonable  explanations  of  the  action  of 
materials  having  unequal  tensile  and  compressive  capacities  at  the 
point  of  rupture.  It  is  generally  considered  that  the  extreme  fiber 
strains  at  the  point  of  rupture  of  rectangular  cast-iron  beams,  as  com- 
puted according  to  the  usual  theory,  are  about  twice  the  direct  tensile 
strength  of  the  material.  Mr.  Emery's  exjilanation  of  the  discrepancy 
is  that  the  distribution  of  stress  through  the  material  is  such  that  the 
inner  fibers  receive  more  than  their  relative  share  according  to  the 
usual  theory,  and  the  author's  explanation  is  that  the  neutral  axis 
assumes  a  location  giving,  in  the  case  of  cast-iron  sections,  a  ma- 
terially increased  area  to  withstand  the  tensile  stresses.  Whether  or 
not  these  theories  hold  true  below  the  elastic  limit,  they  seem  worth 
consideration  when  studying  the  action  of  materials  at  the  j^oint  of 
rupture  in  cross-breaking.  It  is  not  improbable  that,  as  the  adjust- 
ment between  stresses  and  strains  takes  place  according  to  Mr. 
Emery's  theory,  the  neutral  axis  is  shifted  in  the  manner  outlined  by 
the  author,  so  that  a  complete  theory  of.  cross-breaking  should  take 
account  of  both  these  actions. 

See  TratuactUmt,  Vol.  VIII,  p.  149. 
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CORRESPONDENCE. 


S.  J.  FoKTTS',  Assoc.  M.  Am.  Soc.  C.  E. — There  are  many,  even  to  day,  Mr.  Fortin. 
■who  think  that  the  present  theory  of  flexure  in  beams  is  incomplete 
owing  to  the  variations  of  the  coefficient  of  elasticity  E  within  and 
beyond  the  elastic  limits.  In  all  American  books  the  writer  has  exam- 
ined, E  has  always  been  defined  as  the  ratio  of  unit  stress  to  unit 
deformation;  in  algebraical  language,  denoting  by  s  the  unit  stress,  by 
A  the  unit  deformation,  this  definition  would  read:  E  =  S -^  X.  If 
experiments  are  made  on  a  bar  of  length  /,  of  section  ^4,  and  with  a 
load  P,  the  result  would  be: 

^=T4-7  =  J^ (l> 

Another  method  has  been  suggested  by  European  waiters  which  is 
claimed  to  give  closer  results,  at  the  same  time  giving  for  E  a  more 
constant  value.  It  assumes  that  the  increase  of  deformation  d  1  jjro- 
duced  by  an  increment  of  load  <l  P  is  proportional,  not  to  the  original 
length,  /,  of  the  bar,  but  to  the  actual  length,  /  +  A,  hence: 

dP  ^^    dX 


A  /  +  A' 

By  integrating,  the  following  expression  is  obtained: 

-^=  E[e{l  +  X)-\-  C], 

in  which  e  is  the  base  of  the  Naperian  logarithmic  system: 
When  P  =  0 

0  =  E[e{l)  +  C] 
C^  —  Ee[l) 


therefore 
and 


lL  =  E{e{l+X)-L{l)l 


^=.Ee^^+' 


(^)    ^^) 

Developing  by  series: 

Neglecting  the  factors  squared,  cubed,  etc., 

P   -F^ 
or 

which  is  identical  with  equation  (1). 
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Mr  Fortin.  It  lias  always  been  found  that  the  deformations  increase  in  a  quicker 
ratio  than  the  loads,  and  that  therefore  the  coefficient  E  decreases 
as  the  unit  stress  increases.  The  law  regulating  the  decrease  of  E 
is  not  the  same  for  all  bodies.  Thus  in  experimenting  on  the  exten- 
sions of  bars  of  different  materials  tested  to  rupture,  it  has  been  found 
that  for  some  materials,  such  as  cast  iron  and  cast  steel,  the  decrease  of 
^  was  slow  and  regular  from  the  beginning  of  the  experiment  to  rup- 
ture, in  such  a  manner  that  if  the  successive  unit  stresses  are  plotted 
as  abscissas,  and  the  corresj^onding  values  of  E  as  ordinates  a  curve 
a  b  (Fig.  6)  is  obtained  which  might  be  called  a  curve  of  elasticity, 
whose  minimum  ordinate  Et  (value  of  E  at  rupture)  is  a  considerable 
fraction  oi  E  o  (value  of  A' at  the  origin  of  stress). 

For  other  materials,  such  as  wrought  iron,  soft  steel,  lead  and  cop- 
per, the  decrease  of  -E" presents  two  i)hases  very  distinct;  the  first  reg- 
ular and  slow  as  for  cast  iron;  then  a  considerable  fall  is  recorded, 
after  which  the  decrease  is  again  regular  and  slow  until  rupture.  The 
curve  of  elasticity  will  then  appear  as  (/'  h'  (Fig.  7),  in  which  Et 
(value  of  ^at  rupture)  is  only  a  small  fraction  oi  E  o  (value  of  i7at 
origin  of  stress). 


Mr.  DuBols. 


— ,C 

I 

E, 


Fi(i.  0.  Fig.  7. 

In  Figs.  6  and  7  the  curves  ab  and  n' b'  respectively  are  the 
graphical  representations  of  formula  (1),  E  ^  P I  -^  A  \,  in  which  the 
deformations  are  j^ropoi-tional  to  the  original  length  /  of  the  bar,  while 
in  the  same  figures  the  dotted  curves  a  c  and  n'  c\  respectively,  are  the 
graphical  rei^resentations  of  formula  (2), 

in  which  the  deformations  are  proportional  to  the  actual  length 
( /  -1-  A  )  of  the  bar.  The  curves  a  c  and  a'  c'  decrease  more  slowly  than 
a  b  and  a'  h';  moreover  n  c  and  fi'  c'  are  similar  in  shape  and  equation. 

In  making  experiments,  the  length  of  the  specimen  must  be  taken 
into  account,  as  materials  do  not  stretch  evenly  the  total  length  of  the 
specimen.  It  is  true  that  the  area  of  the  cross-section  should  not  be 
disregarded,  as  is  the  custom  at  present.  It  is  easy  to  conceive  that 
after  stretcliing  25%  the  cross-section  of  the  bar  is  notably  reduced. 

A.  J.  DuBois,  M.  Am.  Hoc.  C.  E. — The  author  starts  witli  the  two 
assumptions  that  the  lower  and  ui)per  fibers  of  beams  under  a  trans- 
verse breaking  load  are  strained  simultaneously  and  at  the  same  sec- 
tion to  their  maximum  fiber  resistances  7' and  C  respectively,  and  that 
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the  force  in  any  fiber  is  directly  i^roportional  to  its  distance  from  the  Mr.  DuBois. 
rotative  axis.  These  assumptions  seem  very  questionable.  In  accord- 
ance with  them,  the  author  deduces  the  position  of  the  axis  of  rota- 
tion and  the  moment  of  the  fiber  forces.  He  thus  ol)tains  formulas 
which  give  the  breaking  load  in  terms  of  T  and  C.  These  formulas 
he  then  tests  by  a  series  of  experiments.  He  concludes  from  the  re- 
sults of  these  experiments  that  the  breaking  loads  given  by  his  new 
formulas  accord,  not  only  fairly  well  with  the  actual  breaking  loads, 
but  also  that  his  theory  gives  better  results  than  the  common  theory. 

This  is  important,  if  true,  and  worth  examination.  Before  discus- 
sing, therefore,  what  seems  questionable  in  his  assumjitions,  it  would 
be  well  to  discuss  these  experiments.  A  glance  at  his  table  of  results 
suggests  at  once  certain  ^joints.  It  Avill  be  noticed  that  although  the 
material  was  the  same  in  all  cases,  yet  the  values  of  T  and  C  vary  con- 
siderably in  each  beam.  In  applying  his  formulas  the  author  has  the 
advantage  of  knowing  and  using  in  each  case  the  values  of  7' and  C 
belonging  to  that  case.  While  this  is  right  in  testing  his  formulas, 
yet  in  actual  jjractice  he  would  be  obliged  to  employ  a  single  average 
value  of  2'and  C  f or  all  the  cases.  The  table  gives  no  definite  infor- 
mation as  to  how  the  results  thus  obtained  would  compare  with  exper- 
iment, but  evidently  they  would  not  agree  so  well.  The  table  thus 
gives  a  better  showing  for  the  new  formulas  than  would  be  given  by 
their  pi'actical  use.     The  ai>plication  of  this  point  will  be  seen  later. 

The  results  obtained  by  the  common  theory  are  not  given  in  the 
table.  It  is  not  shown  by  direct  comparison  that  the  results  of  the 
new  formulas  are  better  than  those  given  by  the  formula  in  common 
use.  As  this  is  the  entire  point  at  issue,  the  omission  is  unfortunate, 
and  the  writer  comjiuted  the  strength  of  some  of  the  beams  by  the 
common  formula.  Time  has  not  allowed  him  to  compute  the  results 
for  the  T  bars,  but  there  is  no  doubt  that  the  same  conclusions  would 

pi         ff  T 

hold  for  them  as  for  the  others.     The  common  formula  is  — ;-  = 

4  V 

where  P  is  the  breaking  load,  /  the  span,  /  the  moment  of  inertia  of 
the  cross-section  with  reference  to  an  axis  through  the  center  of  gravity, 
V  is  the  extreme  fiber  distance  on  the  breaking  side,  and  R  is  the  strength 
of  this  extreme  fiber.  From  the  first  experiment  R  is  found  to  be  28  710 
lbs.  per  square  inch,  which  was  used  in  all  the  com)iutations.  Evi- 
dently R  might  have  been  found  for  each  case  and  the  average  result 
taken,  which  would  give  a  better  showing  for  the  common  method. 
It  has  been  pointed  out  previously  that  the  values  of  T  and  C  in  each 
case  have  been  used  in  the  new  formulas,  instead  of  an  average  value 
of  Tand  (7  for  all  the  cases,  and  this  advantage  is  also  on  the  side  of 
the  new  formulas.  These  two  jjoints  in  favor  of  the  new  formulas  are 
to  be  kept  in  mind  while  referring  to  the  following  table,  in  which 
there  is  given  for  each  experiment  the  actual  strength,  the  strength 
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Mr.  DuBois.  by  the  new  theory  and  its  ratio  to  the  actual,  the  strength  by  the  com- 
mon theory  and  its  ratio  to  the  actual,  and  finally  for  each  case  the 
advantage  of  each  method. 


Mr.  Brown 
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The  tabular  eomi^arison  shows  that  the  results  giyen  by  the  new 
theory  are  not  so  nearly  in  accord  with  fact  as  the  results  given  by 
the  common  theory,  even  although  the  value  for  R  is  not  an  average, 
but  is  deduced  from  the  first  experiment  only,  and  although  the  values 
of  T  and  C  for  each  case  have  been  used  in  the  new  formulas,  instead 
of  an  average  value  of  7"  and  C  for  all  the  cases.  If  average  values  for 
i?,  Tand  Chadl)een  taken,  the  comparison  would  be  still  more  un- 
favorable for  the  new  theory. 

Case  III  of  the  third  series,  which  gives  the  new  theory  12.7% 
advantage,  or  about  half  of  the  total,  is  anomalous.  The  beam  broke 
in  two  places  41  ins.  from  the  center.  If  this  case  is  neglected,  the 
common  theory  comes  out  far  ahead,  even  with  the  handicaps  men- 
tioned. In  addition  to  this,  it  gives  a  formula  much  more  simple  and 
readily  applied.  With  this  as  the  outcome  of  the  experimental  results 
it  does  not  seem  necessary  to  discuss  the  fundamental  assumptions 
upon  which  this  new  theory  is  based. 

Charles  O.  Brown,  M.  Am.  Soc.  C.  E. — The  theory  of  bending  can- 
not be  api)lied  in  the  form  the  author  uses  it  for  stresses  beyond  the 
elastic  limit,  or  for  materials  following  no  defined  laws  of  elasticity, 
such  as  cast  iron.  Writers  on  the  subject,  who  credit  cast  iron  with  a 
defined  limit  of  elasticity,  place  the  difference  of  stress  at  that  limit 
as  two  to  one,  respectively,  for  compression  and  tension. 

As  structures  are  designed  for  the  jjurpose  of  supporting  loads  with- 
out causing  ix'rmauent  change  of  form,  it  would  be  preferable  to  intro- 
duce in  the  demonstration  the  difference  between  compression  and 
tensile  resistance;  at  the  limit  of  elasticity.     Taking  one  uf  tlie  Water- 
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town  Arsenal  tests  on  cast-iron  columns,  the  writer  finds  a  permanent  Mr.  Brown. 
set  with  a  stress  of  about  3  000  lljs.  per  square  inch,  and  a  modulus  of 
elasticity  of  17  600  000  lbs. ;  in  the  same  test  with  a  stress  of  IG  000 
lbs.  per  square  inch,  the  modulus  of  elasticity  is  computed  to  be 
13  000  000  lbs.  This  shows  what  reliance  may  be  placed  upon  the  laws 
of  elasticity  when  applied  to  cast  ii'on. 

When  beginning  the  work  on  the  revision  of  the  building  laws  for 
the  City  of  New  York,  the  writer  intended  to  treat  cast  iron,  stone,  con- 
crete and  other  materials  not  having  a  defined  elastic  limit  by  com- 
puting the  resisting  moments  with  reference  to  the  extreme  com^ires- 
sion  fiber,  and  using  in  thiscomiiutation  a  low  fiber  stress  for  tension, 
about  2  000  lbs.  for  cast  iron.  This  empirical  rule  would  give  satis- 
factory results  for  members  of  rectangular  section ;  for  designing 
other  shapes,  general  specifications  should  guard  against  mistakes. 
For  an  illustration,  in  a  cast-iron  beam  of  the  common  form  of  a  X  lintel, 
not  more  of  the  width  of  the  bed  than  would  equal  one-half  the  height 
of  the  rilj  should  V^e  considered  in  the  computation,  and  the  width  of 
the  rib  on  the  top  should  be  made  at  least  equal  to  one-twentieth  of  the 
span. 

The  writer  agrees  fully  with  the  author  that  the  neutral  axis  does 
not  always  go  through  the  center  of  gravity  of  the  section,  as  insisted 
upon  by  most  authors,  and  he  has  made  use  ol  this  fact  for  many  years, 
especially  in  designing  tension  and  compression  members  subjected 
to  bending  strains  in  addition  to  their  direct  strains.  This  matter  was 
fully  discussed  while  considering  the  subject  of  eccentric  loading  of 
columns  at  the  recent  meetings  for  the  revision  of  the  building  laws. 

W.  E.  Belkkap,  Assoc.  M.  Am.  Soc.  C.  E. — Mention  was  made  in 
the  discussion  of  the  paper  of  the  appearance  of  fractured  beams,  and 
conclusions  were  drawn  directly  therefrom  as  to  the  portions  of  the 
section  in  tension  and  in  compression  at  the  moment  of  rupture.  The 
writer  believes  that  a  fractured  specimen  has  no  trustworthy  sui^er- 
ficial  record  of  the  condition  of  its  fibers  at  that  time.  It  is  clear  that 
as  soon  as  the  first  fibers  have  given  way  the  original  working  section 
has  been  destroyed,  a  new  and  smaller  section  being  the  result,  and  this 
before  actual  severance  or  destruction  of  the  fibei-s.  As  fracture  con- 
tinues the  working  section  diminishes,  the  neutral  axis  necessarily 
moving  away  from  the  side  on  which  fracture  began,  and  fibers  which 
were  in  comjiression  at  the  moment  of  giving  way  show  at  cessation  of 
fracture  unmistakable  signs  of  having  been  finally  in  tension,  or  vice 
versa. 

It  seems  natural  that  experience  should  show  a  larger  number  of 
fractured  sjjecimens  to  have  given  way  on  the  tension  side  than  on  the 
compression  side.  It  may  be  accounted  for  by  the  fact  that,  as  the 
fibers  yield  on  the  compression  side,  fibers  back  of  them  are  brought 
into  action,  while  on  the  tension  side  this  cannot  take  place,  and  each 
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Mr.  Belknap,  fiber  in  the  line  of  fracture  acts  alone.  While  at  the  beginning  of  dis- 
tortion or  deflection  the  neutral  axis  may  move  toward  the  tension  side 
by  reason  of  the  giving  way  of  the  exterior  fibers  in  compression, 
it  may  reach  eventually  a  point  where  thei-e  is  an  equilibrium  of  the 
forces  in  compression  and  tension.  Then,  when  more  strain  is  added, 
it  may  move  back  again  as  the  tension  fibers  give  way,  and  finally, 
when  fracture  has  ceased,  lie  far  within  the  compression  side  of  the 
original  section. 
Mr.  Pricliard.  Hen'ry  S.  Prichard,  !M.  Am.  Soc.  C.  E. — The  author  calls  attention 
to  the  fact,  well  known  among  those  who  have  to  deal  with  the  strength 
of  materials,  that  the  transverse  breaking  loads  for  beams  cannot  be 
determined  with  any  certainty  by  methods  based  on  the  ordinary  as- 
sumjjtions  of  flexure.  This  fact  is  in  strict  accordance  with  theory 
and  not  in  conflict  with  it,  as  some  suppose,  as  it  is  a  necessary  con- 
sequence that  rules  founded  and  dependent  on  the  assumption  that  the 
elastic  limit  has  not  been  exceeded  are  not  ajJiJlicable,  except  empiri- 
cally, to  cases  in  which  the  elastic  limit  has  been  exceeded. 

The  author,  in  discussing  the  subject  of  breaking  loads,  states  in 
general  that  the  results  of  "the  theory  of  the  transverse  strength  of 
beams  "  are  unsatisfactory.  He  has  not  explicitly  stated  that  he 
means  this  conclusion  to  apply  to  the  results  given  by  the  theory  in 
dealing  with  working  stresses,  but  as  he  has  given  a  theory  of  his  own, 
in  conflict  with  the  commonly  accepted  one,  and  as  he  claims  that  his 
theory  is  correct,  both  for  ultimate  and  working  stresses,  it  must  be 
inferred  that  he  intends  his  criticism  to  apjjly  to  cases  in  which  the 
strains  are  less  than  the  elastic  limit  as  well  as  to  those  in  which  they 
are  in  excess. 

He  bases  his  o-wn  theory  on  two  assumj^tions  : 

First. — That  the  upper  and  lower  fibers  of  beams  under  transverse 
breaking  load  are  strained  to  their  maximum  fiber  resistances. 

Second. — That  the  stresses  diminish  in  intensity,  from  the  extreme 
fibers  to  the  rotation  axis,  where  they  become  zero,  in  direct  ratio  to 
the  distances  of  the  fibers  from  the  axis. 

The  author  has  not  given  any  demonstration  to  prove  the  theoreti- 
cal accuracy  of  these  assumptions,  but  seems  to  rely  on  certain  ob- 
served phenomena  and  on  the  comparison  of  the  actual  breaking  loads 
in  given  tests  with  figured  breaking  loads  for  the  substantiation  of  his 
theory. 

The  plienomena  cited  admit  of  another  explanation,  and  in  one  in- 
stance indicate  a  conflict  with,  instead  of  a  confirmation  of,  his  theory. 
This  instance  is  the  fact  that  "in  breaking  timber  beams,  the  fibers 
in  tension  rupture  before  the  comi)ression  fibers  are  affected,  although 
the  tensile  strength  of  the  wood  may  be  four  or  five  times  as  great  as 
its  (•ojnj)re8Hion  strength."  This  fat-t  certainly  indicates  tliat  the  rules 
founded  on  the  ordinary  assumptions  of  flexure  are  not  api)lica])le  to 
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the  determination  of  tlie  breaking  loads  of  the  timber  beams  in  ques-  Mr.  Prichard 
tion,  but  it  also  shows  that  in  these  beams  the  upper  and  lower  fibers 
were  not  both  strained  to  tlie  maximum  fiber  resistances  as  his  theory 
assumes. 

The  comparison  of  the  actual  breaking  loads  with  figured  ones 
shows  considerable  variation  between  them.  To  aid  in  the  compai'ison 
the  writer  has  calculated  the  percentage  of  error  in  the  figured  results 
and  gives  them  in  following  statement  : 


Section. 


Breaking  load,  | 
test i 

Breaking  load,  | 
rule I 

Percentage  dif-1 
ference | 


FinsT,  Rectangular. 


1  316 
1450 


'II. 


1165 
1  323 


1446 
1  585 


+13.6    i     +9.6 


Second,  Bectangulab. 


2  400 
2  535 


+5.6 


II. 


2  321 
2  519 


+8.5 


2  501 
2  429 


—2.9 


Thibd,  Tbianqttlab. 


1346 
1364 


+1.3 


1386 
1348 


—2.7 


III. 


1725 
1640 


Foxjbth,  Tbiangulab.                 Fifth,  Tee. 

Sixth,  Tee. 

Section. 

I. 

II.           III.           I. 

II. 

III. 

I. 

II. 

III. 

Breaking  load,) 
test 1 

Breaking  load,  i 
rule J 

665 
760 

826 
969 

860 
962 

4  770 

5  822 

4.520 
5  839 

4  990 

5  975 

2  400 
2  441 

2  220     2  080 
2  042     1  826 

Percentage  dif-l 
ference ) 

+  14.3 

+17.3 

+11.9 

+22.1 

+29.2 

+19  7 

+1.7 

—8.0    —12.2 

It  will  be  noticed  that  the  errors  range  from  12.2%  deficiency  to 
29. 2%' excess,  giving  a  total  range  of  error  of  4XA%,  and  that  the  average 
error  is  7.5%  excess.  The  author's  explanation,  in  regard  to  the  cases 
giving  the  most  unfavorable  comparisons,  to  the  effect  that  "the 
Avrinkling  and  buckling  stresses  add  materially  to  the  destruction  of 
the  material  "  should  be  given  due  weigW  in  considering  the  compari- 


In  the  discussion  of  the  ordinary  theory  and  the  develoi)ment  of 
his  own,  the  author  has  omitted  all  reference  to  the  relations  which 
exist  between  distortions  and  strains.  A  reasonable  assumption  as  to 
these  relations  should  constitute  the  hypothesis  upon  which  any 
theory  of  the  strains  produced  by  transverse  forces  should  rest.  The 
relations  between  the  intensities  of  the  strains  in  the  ditterent  fibers 
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Mr.  Pricliard.  at  their  intersections  with  anv  given  transverse  jjlane,  and  the  positiort 
of  the  neutral  axis,  are  not  subjects  for  independent  assumiition,  but 
are  necessary  consequences  of  the  relations  existing  between  strain  and 
distortion.  The  assumptions  made  bv  the  author  are  not  consistent 
with  any  coaeeption  of  these  relations  which  it  is  reasonable  to 
entertain. 

Let  .4  Cand  B  TJ,  Fig.  5.  represent  two  transverse  sectional  planes^ 
which  in  the  free  state  of  the  beam  are  parallel  to  each  other,  the  plane 
A  C  being  located  at  the  fixed  end,  and  the  plane  B  D  no  near  to  it  that 
the  bending  moment  at  that  plane  does  not  differ  sensibly  from  that  at 
the  end.  Under  the  influence  of  the  load  W,  the  material  will  distort, 
the  beam  will  deflect  and  the  transverse  sectional  i^lanes  will  no  longer 
be  parallel,  the  fibers  at  A  B  wiU  lengthen,  at  C  Z*  shorten,  at  some 
longitudinal  surface  indicated  as  E  F  will  remain  unchanged,  and 
the  ratio  between  the  longitudinal  distortions  at  different  distances 
from  E  F  will  be  dii*ectly  proportional  to  such   distances.     The  dis- 


tance  between  the  lines  B  F  D  and  A'  F  C,  parallel  \.o  A  E  C,  at  any- 
given  distance  from  F,  is  the  distortion  of  the  fibers  at  such  a  distance. 
As  the  fibers  at  E  F  have  neither  been  shortened  or  lengthened,  the 
stress  in  these  fibers  must  be  zero  and  the  point  F  therefore  lies  in 
what  the  author  calls  the  axis  of  rotation. 

From  the  author's  first  assumption  let  the  lines  B  O  and  D  K  rep- 
resent the  maximum  fiber  resistance  in  tension  and  compression 
respectively. 

Let  e  =  the  elongation  of  the  fibers  A  B,  for  a  tensile  stress  of  1  lb. 
per  stpiare  inch. 

Then  Te  =  \me  A'  B. 

Let  .s  =  the  shortening  of  the  fibers  C  D  for  a  compressive  stress  of 
1  lb.  ])or  square  inch. 

Then  C  s  =  line  D  C 

Cs  :x  :  :  Te:{h  —  x) (a) 

X 


Cs=. 


h  —  X 


Te. 


Ah) 
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From  the  author's  equation —  Mr.  Pricbard. 

i  Cnx  =  i  T(i  (h  —  x) 

V^^:)-TJ ('^) 

By  substituting  in  equation  [h) 

08=^  ^Te (d) 

ifC^  =  eT-2 (e) 

The  writer  can  conceive  of  no  reason  why  the  relation  indicated  by 
equation  («)  should  exist.  Substituting  in  equation  (e)  the  values  given 
by  the  author  for  cast  iron,  on  page  486: 

(100  000)2  s  =  (20  000)-  e (/•) 

e  =  25  .s ig) 

That  is  to  say,  the  logical  conclusion  from  the  author's  assumptions 
is  that  in  rectangular  cast-iron  beams  the  elongation  due  to  tension  is 
25  times  as  great  per  unit  of  stress  as  the  shortening  due  to  compres- 
sion, and  this  conclusion  applies,  not  only  to  ultimate  stresses,  but  to 
any  stresses,  as  is  apj^arent  from  the  second  assumption,  and  also  from 
the  author's  claim  that  his  formulas  are  correct  in  the  case  of  working 
stresses.  In  the  light  of  present  knowledge  of  cast  iron,  the  assump- 
tions which  lead  to  such  a  conclusion  regarding  the  relations  between 
distortion  and  stresses  within  the  elastic  limit  are  not  tenable. 

From  the  author's  second  assumption  and  the  fact  that  the  distor- 
tions are  directly  proportional  to  their  distances  from  the  neutral  axis, 
it  follows  that  the  distortion  is  directly  proportional  to  the  intensity  of 
the  stress.  This  conclusion  is  generally  accepted  as  correct,  i)rovided 
the  elastic  limit  is  not  exceeded. 

At  the  moment  of  failiire  from  a  transverse  load,  the  fibers  at  one 
or  both  extremes  are  strained  beyond  the  elastic  limit,  while  those  near 
the  neutral  axis  are  not.  It  is  well  known  that  material  strained  be- 
yond the  elastic  limit  distorts  more  per  unit  of  stress  than  material 
which  is  strained  within  such  limit,  consequently  the  author's  second 
assumption  is  not  a  correct  one  on  which  to  base  a  formula  for  deter- 
mining breaking  loads. 

In  the  foregoing  it  has  been  shown  that  the  author's  theory  is  not 
correct  in  the  case  of  either  ultimate  or  working  stresses.  It  may  be, 
however,  that  with  some  modification  to  keep  their  results  on  the  side 
of  safety,  his  formulas  can  be  used  empirically  to  determine  the 
breaking  loads  for  certain  kinds  and  shapes  of  beams,  as  his  experi- 
ments seem  to  point  that  way. 

A  theoretically  correct  formula  for  breaking  loads  for  beams  would 
be  an  addition  to  general  knowledge  and  have  a  scientific  interest  for 
engineers,  but  would  not  Ije  of  much  use  for  determining  working 
loads. 


504   COKRESPONDEXCE  ON"  TRAXSVERSE  STpEXGTH  OF  BEAMS. 

Mr.  Prichard.  A  load  -nliicli  is  but  sliglitlv  in  excess  of  the  one  which  just  strains 
the  material  to  the  elastic  limit  will  work  permanent  injury  to  the 
beam,  and,  if  long  continued,  will  probably  result  in  total  failure,  but 
it  will  take  a  considerably  larger  load  to  cause  the  beam  to  break  im- 
mediately after  its  application.  As  the  consequences  of  immediate 
breakage  are  more  to  be  dreaded  than  those  of  permanent  injiiry,  the 
ratio  in  which  the  breaking  load  is  required,  for  safety,  to  exceed  the 
working  load  should  be  considerably  greater  than  the  ratio  in  which 
the  load  which  will  just  strain  the  material  to  the  elastic  limit  is  re- 
quired, for  safety,  to  exceed  the  working  load.  Nevertheless,  for 
beams,  the  relations  between  the  breaking  loads  and  the  loads  which 
will  just  strain  the  material  to  the  elastic  limit  are  such  that,  with  the 
ratios  which  the  judgment  of  most  engineers  dictates,  it  is  the  load 
which  just  strains  the  material  to  the  elastic  limit  and  not  the  break- 
ing load,  from  which  the  working  load  is  determined.  In  the  discus- 
sion of  working  loads  the  writer  has  assumed  that  the  compression 
flange  is  stayed  against  deflection  sideways.  When  beams  are  not  so 
stayed,  buckling,  as  well  as  injury  and  breaking,  has  to  be  guarded 
against,  and  may  become  the  controlling  factor  in  determining  the 
working  load. 

Mr.  Jolinson.  J.  B.  JoHNSON,  M.  Am.  Soc.  C.  E. — "While  the  writer  has  no  ob- 
jection to  an  eflbrt  to  show  a  purely  emj^irical  relation  between  the 
ultimate  strength  of  materials  in  tension,  compression  and  cross-bend- 
ing, he  objects  strongly  to  such  an  effort  to  place  the  relationship 
upon  a  theoretical  basis  as  has  been  attempted  in  this  paper.  The 
ordinary  theory  of  the  strength  of  a  beam  is  jDerfectly  correct  and  en- 
tirely applicable  to  all  materials  within  their  elastic  limits.  It  does 
not  hold  at  rupture  for  any  material  which  is  not  perfectly  elastic  up 
to  rupture,  neither  does  it  make  any  pretense  to  such  an  ai)plication. 
Any  amount  of  evidence,  therefoi-e,  of  the  failure  of  the  ordinary 
theory  of  cross-bending  strength  when  applied  at  the  breaking  limit 
is  not  to  the  point.  For  all  purposes  for  which  the  engineer  has 
occasion  to  use  these  formulas  in  designing,  that  is  to  say,  for  the 
greatest  working  loads  which  should  ever  be  allowed  on  any  material, 
the  ordinary  theory  is  absolutely  correct,  and  does  give  the  actual 
stress  on  the  extreme  fibers  for  all  such  loads.  The  so-called  modulus 
of  rupture  in  cross-bending,  therefore,  is  well  known  to  be  a  myth,  so 
far  as  it  is  supposed  to  represent  any  actual  stress  on  the  oiiter  flbers 
at  rujjture.  It  is,  however,  a  ])erfectly  legitimate  and  convenient 
modulus  to  use  in  designing,  since,  when  the  factor  of  safety  is  ap- 
l>lied,  the  formula  becomes  perfectly  applicable. 

The  writer's    particular  objections    to  thc^    ])ositiou    taken  by  the 
author  are: 

First. — He  assumes  without  any  show  of  reason  whatever  that  when 
any  Ix-am  is  broken  transversely,  the  stresses  on  the  extreme  fibers  ou 
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both  the  tension  and  the  comijression  sides  of  the  beam  reach  their  Mr.  Johnson, 
breaking  limits  simultaneously.  That  is  to  say,  he  assumes  that  the 
compressive  stress  is  at  its  breaking  limit  on  the  one  side,  when  the 
tension  stress  reaches  its  limit  on  the  other  side.  He  offers  no  kind 
of  evidence  that  this  is  correct.  All  persons  familiar  with  the  testing 
of  materials  in  cross-bending  are  fiilly  aware  that  this  is  very  far  from 
being  correct.  In  timber,  for  instance,  a  beam  usually  crushes  down 
on  the  compression  side  long  before  it  fails  on  the  tension  side; 
whereas,  in  cast-iron  the  failure  on  the  tension  side  occurs  long 
before  the  material  has  reached  its  compressive  strength  on  the 
opposite  side.  This  assumption  most  eflectually  undermines  and 
vitiates  the  theoretical  equations  and  conclusions  which  rest  upon  it. 

Second. — In  the  derivation  of  formula  (1),  page  486,  the  author 
states  that  the  total  tensile  stress  on  one  side  of  the  neutral  axis 
must  eq.ual  the  total  compressive  stress  on  the  other  side.  In  this  he 
is  correct,  and  has  not  made  the  usual  mistake  of  persons  who  object 
to  the  ordinary  theory  of  cross-bending  strength;  but  he  has  made  in 
this  connection  another  mistake  which  entirely  vitiates  his  equations. 
He  has  assumed  that  the  rate  of  variation  of  stress  on  the  two  sides  of 
the  axis  is  the  same,  after  the  neutral  axis  has  shifted  from  its  normal 
position,  which  is  that  of  a  ijlane  through  the  center  of  gravity  of  the 
cross-section.  That  is  to  say,  his  a  is  the  same  on  the  two  sides  of  his 
fundamental  equation,  which  agi-ees  with  the  stress  line  shown  in  his 
Fig.  1.  His  figure,  however,  shows  correctly  the  effect  of  this  assump- 
tion, in  that  it  makes  the  stress  area  on  the  compression  side  of  the 
beam  toward  which  the  neutral  axis  has  moved  very  much  less  than 
the  corresponding  area  on  the  tension  side,  this  being  a  necessary 
result  of  the  uniform  variation  of  stress  across  the  section  and  the 
shifting  of  the  neutral  axis.  In  other  words,  these  stress  areas  cannot 
remain  equal  under  such  assumptions  (although  that  they  must  always 
be  equal  is  a  jjurely  mathematical  or  geometrical  fact ),  and  hence  his 
fundamental  equation  cannot  be  true  on  the  assumptions  made.  The 
only  way  in  which  that  equation  can  be  made  true  is  to  make  the  stress 
vary  by  a  different  law  on  the  two  sides  of  the  section.  As  a  matter 
of  fact,  after  the  neutral  axis  has  begun  to  move  from  its  normal  posi- 
tion on  one  or  both  sides  of  this  jilane,  the  stress  no  longer  varies 
uniformly,  but  varies  in  some  one  of  a  number  of  ways.* 

It  is  well  known  that  the  cross- breaking  modulus  of  any  material 
at  rupture  lies  somewhere  between  the  ultimate  tensile  and  compres- 
sive strengths,  but  no  theory  is  competent  to  determine  this  relation, 
since  it  varies  with  every  different  kind  of  material,  and  is  a  function 
in  each  case  of  the  particular  characteristics  of  the  strain  diagrams  of 

•  See  "  Modern  Framed  Structuren,"  by  JohnsoD,  Bryan  and  Turnoaure,  p.  124.  This 
relation  is  also  shown  clearly  for  cast  iron  in  the  writer's  p-iper  on  "Cast-Iron — Strength, 
lleeilience,  Tests  and  Spociflcatlons,"  Transactiont,  Vol.  XXII,  p.  91. 


506    CORRESPOXDEXCE  OX  TRAXSVEESE  STREXGTH  OF  BEAMS. 

Mr.  Johnson,  that  material,  in  both  tension  and  compression,  and  is  mainly  depend- 
ent on  the  form  of  the  diagram  of  the  weaker  kintl  of  stress.  Any 
such  formulas,  therefore,  as  are  derived  in  this  j^aper  must  be  regarded 
as  resting  on  a  purely  empirical  basis,  and  without  any  kind  of  theo- 
retical foundation. 
Mr.  Lewinson.  M.  Lewinsox,  M.  Am.  Soc.  C.  E. — The  objections  to  this  paper  may 
be  summ  .rized  as  folloMs:  First,  that  the  formulas  are  empirical; 
second,  that  they  do  not  apply  within  the  limit  of  elasticity;  third, 
that  they  give  no  better  results  than  the  common  theory. 

As  to  the  first  objection,  if  the  author's  deductions  are  empirical,  why 
are  not  the  formulas  of  the  common  theory  also  empirical?  Is  not  the 
common  theory  based  on  the  elasticity  of  material  presumably  derived 
from  exi^eriments?  Prof.  Johnson  calls  the  modulus  of  rupture 
a- myth,  but  nevertheless  he  calls  the  common  theory  perfectly  cor- 
rect. He  states  further  that  the  author's  assumption  of  the  simul- 
taneous maximum  fiber  stresses  is  without  any  show  of  reason  whatever. 
To  this  the  author  would  answer  that  long  before  he  came  to  the  con- 
clusions advanced  in  thejiaper,  he  made  many  exiieriments,  principally 
on  natural  sticks  from  which  the  bark  had  been  removed  carefully. 
These  were  broken  transversely  around  a  cushion  to  eliminate  as  much 
as  possible  any  local  secondary  pressure  at  the  breaking  point.  lu 
more  than  60%"  of  such  breakages  the  tension  fibers  ruptured  before 
the  compression  fibers  were  affected.  Of  these  again  the  majority  split 
longitudinally  in  or  at  the  tension  fibers.  In  experimenting  with 
'  square  pieces  of  timber,  similar  phenomena  were  noticed,  although  in 
a  smaller  proportion.  In  experimenting  with  beams  of  brittle  materials, 
he  was  unable  to  observe  on  which  side  the  fibers  broke  first,  as  they 
broke  suddenly.  Cases  are  on  record,  however,  where  in  a  cast-iron 
beam  of  I  section  the  compressed  flange  broke  first.*  On  these  re- 
sults the  author  based  his  conclusions,  and  though  the  experiments 
were  crude,  still  he  thinks  he  was  justified  in  doing  so. 

As  to  the  second  objection,  any  mention  of  elasticity  of  material  was 
purposely  avoided  in  the  whole  paper.  At  first  the  author  showed  in 
Fig.  1  the  lines  representing  the  stress  area,  but  he  changed  it  sub- 
sequently, as  it  seemed  to  him  that  such  a  figure  would  be  confusing. 
He  used  the  rotation  ])lane  without  any  attempt  to  show  how  the 
fibers  are  stretched  or  compressed,  for  the  simple  reason  that  he  does 
not  presume  to  know  how  this  is  done.  He  doe>  assert,  however,  that 
all  the  recorded  results  of  experiments  on  compression  under  increas- 
ing strains  are  incorrect.  They  all  were  made,  so  to  i-peak,  on  columns 
the  length  of  which  was  too  great  in  comparison  with  the  diameter,  and 
consequently  the  amount  of  observed  compression  was  ai)])arciit  instead 
of  real.  For  instance  a  bar  9  ins.  long  under  compressive  strain,  free 
to  move  side  wise  0.01  in,  in  single  flexure,  will  produce  an  apparent 

•  See  "  ReBietauce  of  Material, "  by  DeVoUou  Wood. 
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shorteuing  of  0.000003  in.  for  each  inch  of  column.  In  double  flexure  Mr.  Lewinson. 
it  will  produce  0.000013  in.  for  each  inch.  In  triple  flexure  it  will 
produce  0.00008  in.  for  each  inch.  In  following  carefully  the  Water- 
town  experiments  on  cast  iron  for  the  year  1891,  it  is  almost  possible 
to  see  when  a  new  flexure  occurs.  For  instance  up  to  4  000  lbs.  press- 
ure per  square  inch  no  flexure  occurred.*  The  first  flexure  started 
at  5  000  lbs.,  and  continued  up  to  9  000  lbs.  Between  9  000  and  10  000 
lbs.  a  new  flexure  occurred,  and  at  about  30  000  lbs.  the  triple  flexure 
occurred,  which  remained  until  failure. 

The  law  under  which  materials  compress  is  not  known  exactly, 
and  it  is  just  as  well  to  say  that  the  amounts  of  compression  and 
extension  are  in  inverse  proportion  to  the  resjiective  resistances,  as  to 
say  that  they  are  equal,  even  within  the  so-called  limit  of  elasticity. 

The  author  cannot  agree  with  Prof.  Johnson  as  to  the  shifting  of 
the  neutral  axis.  If  it  were  true  that  in  a  cast-iron  beam,  under  a 
transverse  load,  beyond  the  limits  of  elasticity,  the  fibers  comj^ress 
more  than  they  extend  under  the  same  strains,  the  axis  should  shift 
toward  the  tensile  fibers.  Evidently  this  is  not  so.  On  the  other 
hand,  if  a  beam  of  a  material  whose  resistance  to  crushing  is  infinite 
and  whose  resistance  to  tension  is  finite,  is  under  a  transverse  load, 
the  neutral  axis  would  unquestionably  pass  through  the  outside  com- 
pressed fibers.  If  the  conditions  are  reversed,  the  neutral  axis  will 
pass  through  the  outside  tension  fibers.  If  one  of  the  two  resistances 
is  very  great  in  relation  to  the  other,  it  is  only  logical  that  the  neutral 
axis  will  pass  nearer  those  extreme  fibers  having  the  greater  resistance. 

As  to  the  third  objection,  that  the  formulas  give  no  better  results 
than  the  common  theory,  so  far  as  the  author's  experiments  on  cast 
iron  show,  this  is  true.  Still  it  is  an  open  question  if  experiments 
conducted  with  a  more  uniform  and  homogenous  material  would  not 
make  a  better  showing.  Cast  iron  was  used  in  the  experiments  for 
convenience  only,  and  the  author  regrets  that  he  was  unable  to  ex- 
jjeriment  on  bars  of  glass,  as  at  first  intended,  because  of  the  diflSculty 
of  obtaining  the  desired  shapes  in  this  material. 

*  See  "  Report  of  Testa  of  Metals,  etc.,  at  the  Watertown  Arsenal,"  1891,  p.  173. 
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The  subject  of  this  address  is  "  Science  and  Engineering,"  showing 
the  necessary  relations  between  them,  which  are  becoming  closer  and 
closer  every  day,  as  engineering  extends  over  wider  and  wider  fields  of 
action. 

Science  is  the  discovery  and  classification  of  the  laws  of  Nature. 

Engineering,  in  its  broadest  sense,  is  the  practical  application  of 
such  discovered  laws. 

In  ancient  times,  knowledge  was  the  treasured  secret  of  a  caste.  In 
our  day,  all  can  acquire  it,  and  everybody  stands  on  an  equal  footing. 

The  education  of  the  engineer  is  now  becoming  as  broad  as  that  of 
any  of  the  other  professions.  Engineering  has  become  a  profession, 
but  it  is  the  latest  of  the  professions.  A  brief  description  of  the  evo- 
lution of  engineering  will  show  why  it  is  so. 

The  word  "evolution  "  simply  means  "growth,"  and  there  are  but 
few  now  left  who  cling  to  the  idea  that  God  created  his  universe  as  we 
see  it  now.  We  believe  that  the  world  and  all  that  is  in  it  grew  from 
the  simijlest  forms,  just  as  a  tree  grows  from  its  seed,  and  the  most 
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liighly  organized  animal  from  a  germ-cell.  We  see  that  in  all  cases 
this  growth  is  from  the  simple  to  the  comiilex,  from  a  state  where  the 
parts  are  few  and  like  each  other,  to  a  state  where  the  parts  are  many 
and  tinlike  each  other,  vet  all  working  for  a  common  end. 

Not  only  the  universe,  this  planet,  and  all  its  animate  and  inani- 
mate things,  but  also  all  social  institutions  and  professions,  and  civi- 
lization itself,  develop  under  this  same  law  of  evolution  or  growth  from 
the  simple  to  the  complex 

Herbert  Spencer,  the  great  master  of  this  great  subject,  has  shown 
that  our  present  professions,  law,  medicine,  architecture  and  engineer- 
ing, have  all  developed  from  the  clerical  profession.  A  little  reflection 
will  show  that  this  must  be  so.  A  profession  requires  special  educa- 
tion and  instruction  on  the  part  of  its  professors.  In  early  times  there 
was  but  one  ediicated  class — the  clergy — and  they  were  the  only  ones 
who  knew  enough  to  be  lawyers,  doctors,  architects  and  engineers. 

It  is  easy  to  see  the  connection  of  law  and  religion,  as  law  was 
originally  based  on  eqiiity,  and  equity  and  morality  form  part  of 
religious  duty.  Disease,  in  ancient  times,  was  thought  to  be  either  an 
affliction  sent  by  God,  or  possession  by  the  devil;  hence  the  clergy 
were  the  proper  medical  men. 

An  art  requiring  so  much  technical  skill  as  architecture  was  origin- 
ally practiced  by  the  clergy,  as  temples,  churches  and  monumental 
structures  naturally  fell  under  their  supervision.  The  great  cathedrals 
of  the  middle  ages  were  built  by  the  higher  clergy  of  those  days, 
among  whom  William  of  Wykeham  and  Abbot  Suger  are  deservedly 
famous. 

A  curious  survival  of  this  is  found  among  architects  even  now,  who 
call  everybody  but  themselves  "laymen." 

The  earliest  engineers  of  whom  we  have  any  record  were  the  priests 
of  Egypt,  whose  wonderful  works  in  masonry  are  surpassed  by  no 
masonry  works  of  our  days;  and  the  only  way  in  which  we  can  show 
our  superiority  is  by  ovir  greater  skill  in  the  use  of  metals. 

Civil  engineering  did  not  become  separated  from  the  clerical  pro- 
fession until  in  much  later  times.  We  know  this  from  the  Latin  word 
"  pontifex,"  which  means  a  bridge  builder  and  also  a  priest,  and  from 
which  the  words  "  pontifi"  and  "  pontifical  "  are  derived.  The  Pope 
of  Rome  is  still  styled  Pontifex  Maximus,  Supreme  Pontiff,  or  chief 
bridge  builder,  whichever  you  please. 
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The  building  of  a  bridge  was  considered  such  a  remarkable  feat, 
that  the  name  pontifex  became  the  highest  clerical  title. 

Men  of  inventive  talent,  not  clergymen,  displayed  much  skill  in 
inventing  and  operating  engines  of  war,  hence  the  name  engineer. 
Civil  engineer  was  a  later  title,  and  thus  indicates  a  later  development. 

Civil  engineering  is  the  youngest  of  the  professions,  and  the  reason 
of  its  late  evolution  is  this,  if  engineering  be  the  application  of  Nature's 
laws,  there  could  be  no  engineering  profession  until  these  laws  were  dis- 
covered. These  discoveries  did  not  come  until  late  in  the  world's  his- 
tory. It  was  not  until  the  human  mind  had  become  impressed  with 
the  constancy  of  the  order  of  Nature,  and  that  chance  had  no  place  in 
it,  that  the  reign  of  law  l)egau,  and  men  then  strove  to  discover  what 
were  those  necessary  sequences  of  cause  and  effect  that  we  call  the 
laws  of  Nature. 

The  i^rogress  of  science  was  much  retarded  by  the  conservative 
spii-it.  The  works  of  Copernicus  were  suppressed.  Galileo  was  im- 
prisoned, and  Bruno  was  burned.  Even  Newton's  splendid  discovery 
of  the  laws  of  gravitation  was  not  accejjted  by  those  pious  persons 
who  feared  lest  it  might  detract  from  the  majesty  of  the  Almighty  to 
assume  that  he  worked  by  law  and  not  by  caprice. 

Fortunately  the  world  had  grown  wiser  in  Franklin's  day,  and 
readily  believed  that  the  tremendous  tiash  of  lightning  could  be  imi- 
tated by  rubbing  a  glass  bottle  -n-ith  a  silk  handkerchief,  or  be  drawn 
from  the  clouds  by  a  boy's  kite. 

Men's  minds  became  open  to  receive  knowledge.  A  common  pro- 
verb says  "  One  thing  leads  to  another."  Hence  it  is  that  science  in 
this  century  freed  from  the  stigma  of  impiety,  and  using  instruments 
of  the  most  marvelous  i^recision,  has  been  able  to  make  so  many  new 
discoveries. 

Some  of  those  which  have  been  made,  even  in  my  day,  are  as  fol- 
lows: 

The  evolution  of  life  has  been  shown  by  Darwin  in  his  doctrines  of 
variation  and  the  survival  of  the  fittest. 

The  nioderu  geology,  which  we  ow»3  toLvell,  teaches  us  that  this 
globe  came  to  its  present  condition  by  the  o2)eration  of  natural  laws 
still  in  force,  and  not  by  a  series  of  catastrophes.  Its  vast  antiquity, 
even  since  the  appearance  of  man,  has  also  been  demonstrated. 

The  researches  of  Helmholtz,  Joule  and  Faraday  have  shown  the 
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identity  of  light,  heat,  electrical  and  chemical  action  as  transforma- 
tions of  energy ;  which  has  led  to  what  is  probably  the  most  comjjre- 
hensive  scientific  discovery  of  this  eentui'y,  the  conservation  or 
indestructibility  of  energy,  binding  into  one  law  all  dynamic  action. 
This  shows  that  power  cannot  be  created,  but  only  transformed,  and 
proves  the  utter  absurdity  of  Keeley  motors  and  of  perpetual  motion. 

Kirchhoff  and  Bunsen  have  given  us  the  spectroscope,  which  with 
equal  certainty  detects  the  infinitesimal  jjart  of  a  grain  of  some  sub- 
stance in  the  flame  of  a  lamp,  and  also  shows  the  jiresence  of  our 
familiar  gases  in  the  light  of  a  star  so  far  away  that  the  ray  which  now 
reaches  us  started  on  its  way  before  the  beginning  of  Egyptian  civili- 
zation. The  sijectrum  analysis  has  created  the  new  astronomy,  jirov- 
ing  the  uniformity  of  matter,  and  extending  the  reign  of  law  all  over 
the  visible  universe,  of  which  we  are  but  a  mere  speck. 

Such  are  some  of  the  later  discoveries  of  pure  science.  Equally 
wonderful  are  the  discoveries  in  those  branches  of  science  which  can 
be  applied  to  the  use  of  man,  and  in  whose  application  the  engineer 
takes  no  mean  part. 

We  have  now  the  new  chemistry,  which  is  synthetic  as  well  as 
analytic.  In  other  words,  it  not  only  investigates  the  composition  of 
bodies,  biit  has  learned  how  to  create  them  by  its  own  processes,  such 
as  the  invention  of  aniline  dyes,  oleomargarine  and  the  economic  pro- 
duction of  ahiminum. 

It  has  revolutionized  nearly  every  art  and  manufacture.  The  engi- 
neer Bessemer,  in  the  art  of  metallurgy,  has  given  us  the  modem 
steel,  which  has  done  as  much  to  lessen  the  cost  of  transportation  as 
the  invention  of  the  locomotive  itself. 

Another  very  important  late  discovery  in  medico-biological 
science  is  that  of  the  jjresence  of  those  infinitesimal  beings  called  mi- 
cobes,  which,  although  so  small,  exercise  such  a  great  influence  upon 
human  life  and  health. 

Here  the  labors  of  the  engineer  have  come  into  play  and  have  shown 
us  how  to  purify  water  by  sand  filtration.  The  exjjeriments  of  the 
engineers  of  the  Massachusetts  State  Board  of  Health  have  shown  us 
that  sewage,  being  destitute  of  oxygen,  must  be  applied  to  filter  beds 
slowly  and  intermittently  from  above,  so  that  air  can  follow  it  down 
and  aerate  the  purifying  microbes,  and  keeji  them  alive  to  do  their 
work.     By  this  means  the  worst  water  can  be  made  chemically  jiure. 
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By  far  the  most  striking  application  of  science  in  this  century  has 
been  in  electricity.  Morse  and  Henry  have  given  us  the  telegraph; 
Bell,  the  telephone;  Edison,  the  incandescent  lamp;  Tesla,  the  alternat- 
ing current,  and  MeFarlan  Moore  hopes  soon  to  give  us  artificial  day- 
light from  glass  tubes,  in  which  are  no  loops  nor  carbons,  but  only  re- 
peated interruptions  of  an  electric  current  in  a  high  vacuum.  It  has 
also  given  us  the  separation  of  metals  from  their  solutions,  and  the 
economic  transmission  of  energy,  which  has  re-created  our  street 
railways,  machine  shops  and  manufactories,  and  may  soon  supersede 
steam  locomotives,  where  frequent  stops  are  necessary. 

Its  now  discoveries  come  so  fast  that  one  can  hardly  write  them 
down.  Even  while  preparing  this  address  a  great  discovery  is  an- 
nounced. It  has  been  the  dream  of  investigators  to  find  some  means 
of  producing  electrical  energy  from  coal  without  combustion.  We  now 
hear  of  a  vei'y  simple  jjrocess  by  which  over  80^^  of  the  potential 
energy  of  carbon  can  be  converted  into  electrical  energy  by  causing 
the  oxygen  of  the  air  to  combine  with  carbonaceous  material,  through 
an  intervening  electrolyte,  preferably  melted  caustic  soda,  according 
to  Prof.  Cross  of  the  Massachusetts  Institute  of  Technology.* 

Assuming  that  this  is  true,  we  may  say  positively  that  this  dis- 
covery will  not  be  of  value  until  the  engineer  has  put  it  into  such 
practical  shape  that  it  will  be  commercially  successful.  It  may  take 
the  place  of  chemical  batteries,  but  that  it  can  supersede  the  steam 
boiler,  where  great  i^ower  has  to  be  produced,  seems  doubtful. 

The  steam  boiler  has  never  had  a  fair  chance  until  lately.  Fuel 
was  crammed  under  it  by  ignorant  stokers,  and  the  combustion  was 
imperfect  for  want  of  oxygen.  The  scientific  engineer  has  now  ap- 
plied a  system  of  mechanical  stoking,  which  develoiJS  much  more 
energy  from  a  pound  of  coal. 

To  return  from  this  digression,  we  may  say  that  electrical  discovery 
has  created  a  new  branch  of  our  profession. 

The  discovery  of  the  X  rays  is  but  in  its  infancy.  It  can  show  our 
bones,  but  has  not  heeii  able  to  penetrate  a  steel  eye  bar  and  show  the 


*  Sodiam  hydrate  is  melted  in  an  iron  pot  and  a  carbon  cylinder  is  immersed  in  the 
molten  material.  Air  in  fine  jets  is  blown  throagh  the  hydrate.  The  oxygen  from  the  electro- 
lyte combines  with  the  carbon  and  an  electrical  current  results  from  the  direct  oxydation  of 
the  carbon,  without  any  material  accompanying  generation  of  heat.  The  supply  of  air  con- 
stantly regenerates  the  hydrate  by  supplying  ft-esh  oxygen  to  replace  that  which  has  entered 
into  combination  with  the  carbon. 
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bridge  engineer  any  liidden  defects.  It  seems  i^robable  that  its  appli- 
cation to  incandescent  lighting  is  near  at  hand.  The  engineers  are 
working  at  this  problem. 

Little  time  is  left  to  speak  of  mOitary  engineers,  who  are  well 
represented  in  our  society.  By  them  the  laws  of  Nature  are  applied 
for  the  defence  of  mankind,  without  which  the  arts  of  peace  would 
avail  but  little. 

Experience  in  the  last  great  wars  has  shown  that  that  nation  which 
has  made  the  greatest  advances  in  engineering  is  the  most  formidable 
in  war.  It  has  been  well  pointed  out  by  the  President  of  the  British 
Institution  of  Civil  Engineers  that  all  improvements  in  modern  in- 
struments of  both  attack  and  defence  are  the  work  of  engineers.  High- 
power  guns  and  armor-plates,  repeating  rifles  and  torpedoes  were  in- 
vented by  engineers. 

Engineers  are  now  developing  and  improving  a  very  old  invention, 
the  submarine  boat.  Modern  discoveries  have  furnished  it  with  aids 
which  appear  to  at  last  make  it  practicable. 

It  can  now  carry  its  motive  power  for  use  in  action  in  storage  bat- 
teries. Improvements  in  handling  compressed  air  make  breathing 
possible.  Electric  wires  can  control  the  discharge  of  high  explosives. 
If  its  direction  can  be  controlled,  it  will  revolutionize  naval  warfare. 

The  battle-shii3  will  have  to  be  designed  anew  so  as  to  carry  several 
of  these  submarine  boats  on  her  deck.     They  are  torpedoes  with  men 
inside  of  them  able  to  direct  them  intelligently  and  evade  any  nets  or 
other  protection  that  the  battle-ship  may  have. 
For  harbor  defence  a  larger  class  can  be  used. 

Before  the  close  of  this  century  we  may  see  another  new  branch  of 
engineering.  Through  the  labors  of  engineers  man  has  extended  his 
dominion  over  both  sea  and  land.  Through  the  labors  of  engineers 
he  may  soon  extend  his  dominion  over  the  air,  and  aviation  engineers 
may  be  as  numerous  as  mining  engineers  now  are. 

Such  are  some  of  the  later  discoveries  of  science.  Each  new  dis- 
covery leads  to  still  another,  and  what  we  know  now  is  as  nothing  to 
what  we  will  know  in  coming  years. 

All  the  great  discoveries  of  science  have  been  made  by  the  applica- 
cation  of  what  is  called  the  scientific  method  of  investigation.  This 
is  as  necessary  to  the  engineer  as  it  is  to  the  investigator  of  pure 
science. 
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Unless  lie  is  equipped  witli  it  and  understands  its  use  be  will  always 
occupy  a  subordinate  rank  instead  of  taking  his  true  place  as  a  master 
of  creative  science,  wliich  I  shall  show  that  engineering  really  is. 

Scientific  method  consists  of  observation,  deduction  and  experi- 
ment. 

It  has  been  well  said  that  a  healthful  skepticism  is  the  parent  of 
observation.  Men  are  naturally  lazy,  and  it  is  easier  to  take  things 
for  granted  than  to  observe  and  find  out  for  one's  self. 

In  deduction,  we  must  beware  of  hasty  conclusions.  We  must  be 
careful  not  to  be  deceived  into  thinking  one  thing  is  caused  by  an- 
other because  it  comes  after  it.  Unscientific  persons  think  that 
changes  of  weather  are  caused  by  the  moon,  and  bi-metallic  philoso- 
phers imagine  that  the  kind  of  coinage  with  which  they  buy  or  sell 
things  affects  their  value. 

On  the  other  hand  we  must  not  be  deceived  into  thinking  that  one 
thing  has  no  connection  with  another,  because  we  do  not  see  that 
connection. 

There  was  a  common  proverb  in  England  that  Tenterden  Steeple 
was  the  cause  of  Goodwin  Sands,  a  dangerous  quicksand  near  the 
mouth  of  the  Thames  that  has  swallowed  many  vessels.  Common 
jjeople  believed  this.  The  wise  called  it  a  vulgar  sujierstition,  or  pos- 
sibly a  coincidence.  Lately  a  scientific  observer  examined  the  archives 
of  Tenterden  Church,  and  found  there  documents  showing  that  a  fund, 
whose  revenues  had  been  applied  toward  maintaining  a  dyke  shutting 
off  a  certain  arm  of  the  sea,  had  been  diverted  by  the  Abbot  of  Tenter- 
den to  build  a  steeple  for  his  church.  The  dyke  being  neglected  for 
want  of  money,  the  sea  burst  in  and  caused  the  Goodwin  Sands.  So, 
the  vulgar  proverb  was  right  after  all. 

This  illustration  shows  how  necessary  it  is  not  to  draw  hasty  con- 
clusions, V>ut  to  sift  the  facts  after  collecting  them,  rejecting  those 
that  have  no  bearing,  and  taking  great  care  not  to  overlook  or  reject 
those  that  are  of  importance. 

In  forming  a  theory  to  account  for  the  phenomenon,  one  must  be 
very  patient  and  get  all  the  facts  fir.st,  and  not  form  the  theory  first 
and  then  try  and  find  facts  to  fit  it.  This  is  the  pit  which  scientific 
men  too  often  dig  for  themselves  and  fall  into. 

The  first  step,  after  forming  the  theory,  is  to  test  its  truth  Ijy  re- 
newed observation  and  by  careful  experiment,  which  Huxley  calls  an 
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artificial  observation  of  facts.  The  art  of  experimenting  is  not  to  be 
learned  in  a  clay,  but  should  form  the  apin-enticeship  of  the  engineer. 

When  a  man,  having  formed  a  plausible  theory,  and  having  found 
it  corroborated  by  experiment,  suddenly  runs  against  some  obstinate 
beast  of  a  fact  that  upsets  it  altogether,  what  shall  he  do?  Shall  he 
abandon  the  theory,  ignore  the  fact,  or  go  on  patiently  looking  for 
newer  facts?  This  is  the  test  which  shows  whether  he  is  imbued  with 
the  true  scientific  method  or  not. 

Cervantes  showed  great  knowledge  of  human  nature  when  he  de- 
scribes Don  Quixote  breaking  his  helmet  by  a  blow  of  his  sword,  and 
then  patching  it  up  again.  The  Don  raises  his  sword  to  strike  it  again, 
pauses,  drops  his  sword,  and  finally  concludes  that  the  helmet  is  strong 
enough  after  all. 

True  science  begins  with  the  use  of  mathematics  and  the  invention 
of  instruments  of  precision.  Astronomy  began  to  be  a  science  "with 
the  invention  of  the  telescojie,  and  engineering  with  the  invention  of 
some  kind  of  leveling  instrument. 

A  science  becomes  complete  when  its  jaredictions  can  be  verified. 

Electricity  became  a  complete  science  when  Franklin's  prediction 
that  his  lightning  rod  would  protect  from  the  electric  flash  was  found 
to  be  true. 

Engineering  became  a  science  when  the  first  stone  arch  carried  its 
load  in  safety. 

How  shall  our  profession  be  instructed  in  the  scientific  method? 
In  past  times  every  one  had  to  find  it  out  for  himself  as  best  he 
could. 

Fortunately  we  have  now  an  abundance  of  technical  schools,  in 
which  those  intending  to  be  engineers  can  be  trained  both  mentally 
and  physically  in  the  very  things  that  they  ought  to  know.  They  can 
be  trained  in  mathematics  and  the  j^hysical  sciences;  while  in  chemical, 
physical  and  electrical  laboratories  they  can  be  taught  the  essential 
arts  of  experimenting.  They  learn  the  use  of  delicate  insti'uments, 
and  the  art  of  drawing. 

Already  has  been  felt  in  our  profession  the  great  influx  of  young 
men,  trained  and  cultured  in  all  these  things.  These  schools  rank  as 
high,  and  some  think  even  higher,  than  the  older  schools  of  law  and 
medicine. 

It  must  be  clear  that  the  value  of  the  training  and  instruction 
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which  these  schools  give  depends  greatly  upon  the  character  of  their 
professors.  We  sometimes  hear  sneering  remarks  uiDon  the  engineer- 
ing of  i^rofessors,  when  some  of  them  have  attempted  to  design  and 
execute  works  for  which  their  experience  had  not  qualified  them. 
Clearly,  this  is  the  fault  of  the  individual  and  not  that  of  the  class, 
who  are  a  most  able,  competent,  learned  and  painstaking  set  of  men. 
We  should  look  upon  them  with  the  highest  respect,  and  aid  in  every 
way  in  helping  them  to  keep  in  touch  with  the  profession,  by  sending 
them  copies  of  our  latest  plans,  specifications  and  photographs  of 
executed  works.  We  should  not  be  afraid,  also,  to  tell  them  of  our 
mistakes  (for  the  best  of  us  are  but  mortals),  and  aid  in  filling  that 
vast  and  useful  volume  which  should  contain  what  we  do  not  know 
about  engineering. 

Looking  at  the  great  numbers  of  young  men  who  are  yearly  grad- 
uating from  the  technical  schools  and  entering  the  ranks  of  our  pro- 
fession, the  fear  has  sometimes  been  expressed  lest  there  may  not  be 
room  for  all. 

Let  us  look  at  the  great  number  of  divisions  into  which  engineering, 
following  the  general  law  of  evolution,  has  become,  and  is  still  becom- 
ing, specialized,  and  see  if  there  is  not  yet  ample  room. 

Civil  engineering  is  divided  into  structural,  mechanical,  electrical, 
metallurgical,  hydraulic,  mining,  agricultural,  chemical,  sanitary, 
municipal,  highway  and  railway  engineering.  These  classes  are  again 
subdivided;  as  hydraulic  engineering  into  canal,  harbor,  water  supply, 
power,  storage,  and  iiTigation  engineering.  Railway  engineering  is 
divided  into  bridge,  foundation,  track,  signaling,  locomotive  and  car 
engineering. 

Such  specializations  come  constantly  to  meet  new  wants.  Thus, 
we  now  see  develojnng  a  special  class  of  engineers  created  by  the  great 
value  of  land  in  cities,  calling  for  very  high  Iniildings,  and  requiring 
experts  to  design  their  metallic  frames  and  their  foundations,  made 
complex  by  their  limited  sjiaces,  and  the  necessity  of  avoiding  en- 
croachment on  others. 

The  general  principles  of  engineering  govern  all  these  special  ap- 
plications, and  may  best  be  described  in  the  words  of  Bacon:  "Nature 
can  be  controlled  only  by  obeying  her  laws." 

Some  persons  confuse  civil  engineering  with  structural  engineering. 
We  read  in  the  prospectus  of  one  of  our  technical  schools  that  courses 
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are  given  in  mechanical,  mining,  electrical  and  civil  engineering. 
What  is  meant  is  structural  engineering,  or  the  art  of  constructing 
earthworks,  piers,  walls,  dams,  bi'idges,  roofs,  viaducts,  etc. 

The  term  civil  engineering  has  a  much  broader  meaning,  and  com- 
prehends all  engineering  excejjt  military  and  naval.  It  includes  all 
useful  works  of  sufficient  magnitude  and  intricacy  to  require  scientific 
method,  knowledge  and  skill  in  their  construction.  The  civil  engineer's 
true  position  is  similar  to  that  of  the  architect,  who  commands  the 
services  of  many  different  i^rofessions  and  handicrafts.  Mechanical 
and  electrical  engineers  and  many  others  aid  him  in  their  several  lines, 
but  from  him  comes  the  comprehensive  design,  and  he  alone  is  the 
dii'ector-general  of  the  works. 

Such  is  the  position  claimed  for  •  civil  engineers  in  Britain  and  on 
the  Continent  of  Europe.  The  members  of  our  Society  should  claim  it 
hei'e,  and  not  only  claim  it,  but  show  that  they  are  capable  of  filling 
it.  There  is  but  one  way  in  which  they  can  do  this,  and  that  is  by 
showing  themselves  masters  of  scientific  method  and  knowledge. 

In  no  other  way  can  the  vast  interests  committed  to  their  charge  be 
safely  protected.  If  the  engineer  has  it,  and  knows  how  to  use  it,  we 
shall  hear  no  more  of  bridges  breaking  down,  dams  being  washed 
away,  foundations  settling,  or  guessing  at  the  cost  of  ship  canals,  those 
scandals  of  the  profession. 

The  war  between  theory  and  practice  has  nearly  come  to  an  end. 
We  now  recognize  that  either  without  the  other  is  not  of  much  value. 
The  ])ractical  man  is  one  who  has  had  experience  in  his  own  special 
line,  and  within  his  narrow  limits  he  is  not  likely  to  make  mistakes. 

The  theoretical  man  without  experience  is  a  dangerous  guide. 
Hence  we  wisely  treat  the  young  man,  trained  only  in  the  schools,  as 
an  apprentice,  and  make  him  follow  instructions  until  he  gets  exper- 
ience. When  he  has  got  it,  he  rises  very  fast,  and  soon  becomes  a 
master,  and  in  the  race  of  life  passes  the  "  rule  of  thumb  "  man. 

This  is  the  report  which  we  get  from  the  officers  of  railways  and 
manufacturing  corporations,  and  from  chief  engineers,  all  uniting  in 
preferring  the  trained  man. 

The  progress  of  civil  engineers  in  the  future  will  be  far  greater 
than  it  has  been  in  the  past.  Civil  engineers  will  take  a  much  high«r 
rank  in  public  estimation  than  they  have  done,  and  greater  emolu- 
ments will  follow. 
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Engineerijig  is  the  great  creative  science.  It  lias  created  a  new 
nature  governed  by  Nature's  laws,  but  one  which  would  soon  disap- 
pear without  the  support  of  the  engineer.  Just  as  art  creates  new 
bodies  of  men  and  women,  fairer  than  those  of  Nature,  and  literature 
creates  new  characters,  as  alive  and  real  as  the  people  we  meet  in  the 
street,  so  does  engineering  create  its  new  world. 

The  locomotive  is  a  draft  horse,  excelling  m  i^ower,  speed  and 
endurance  a  thousand  of  Nature's  build. 

The  bicycle  is  a  faster  saddle  horse,  eating  nothing  but  a  little  oil, 
and  asking  only  to  be  kept  clean,  and  that  its  circular  hoof  shall  be 
cured  of  punctures. 

The  aviation  machine,  if  we  get  it,  will  be  an  improved  bird;  the 
ocean  steamer  is  a  fish  set  at  work. 

The  idle  river  rolls  on  for  thousands  of  years.  The  engineer  har- 
nesses it  with  his  turbines  and  makes  it  work,  either  on  its  banks  or 
at  a  distance  through  dynamos  and  wires. 

These  very  electric  wires  by  which  we  transport  sound  and  energy 
are  nothing  but  an  extended  system  of  nerves. 

Great  deserts  lie  uninhabited.  The  engineer  builds  his  irrigating 
dams  and  canals,  and  the  desert  blossoms  like  the  rose,  with  every 
variety  of  flower,  fruit  and  grain. 

The  dreadful  pestilences  which  once  devastated  the  earth  have  been 
almost  stopped  by  the  sanitary  engineer.  The  engineer  has  even 
shrunk  up  the  world  itself  with  his  railways  and  telegraphs.  Magellan 
took  over  a  thousand  days  to  go  around  the  world;  when  the  Siberian 
railway  is  completed,  it  can  be  traversed  in  less  than  fifty. 

Shakespeare,  with  his  wonderful  prevision,  makes  Puck  say  that 
he  will  put  a  girdle  round  about  the  earth  in  forty  minutes.  This  was 
nearly  accomplished  at  the  electrical  exhibition  in  New  York  on  May 
16th,  when  telegrams  were  sent  half  around  the  world  and  back,  a  dis- 
tance of  27  500  miles,  in  47^  minutes. 

I  have  thus  attemi)ted  to  trace  the  evolution  of  the  engineer  from 
the  early  days  when  he  knew  but  little  (but  what  he  did  know  he  knew 
well)  down  to  the  end  of  this  nineteenth  century  whose  wonderful 
achievements  in  all  branches  of  science  have  made  it  absolutely 
necessary  that  the  engineer  should  be  as  thoroughly  equipped  with 
scientific  method  and  training  as  are  those  Avho  have  made  these 
discoveries. 
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Stan  cling,  as  I  do,  near  the  close  of  my  professional  career,  I  ad- 
dress not  only  to  the  members  of  this  Society,  but  to  all  engineers 
wherever  they  may  be,  this  solemn  warning — you  cannot  afford  to  be 
ignorant  ! 

When  science — the  accurate  knowledge  of  what  others  have  done — 
and  experience — the  knowledge  of  what  we  ourselves  have  done — are 
united  in  the  same  person,  then  we  may  truly  say  that  we  have  seen 
the  evolution  of  engineering  from  a  craft  to  a  i^rofessiou. 
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Follett,  102. 
Discussion:  Henry  Goldmark,  115;  Foster  Crowell,  116;  George  E. 

Hardy,  117. 
Correspondence:  William  B.  Laudreth,   118;  Andrew  Eosewater, 

119;  L.  J.  Le  Coute,  119;  G.  T.  Nelles,  120;  W.  W.  Follett,  121. 


IV  CROAVELL,    FOSTER. 

CROWELL,  FosTEE. 

Cost  of  Contract  and  Day-Labor  Work  Compared,  116. 
Discharge  of  the  Mississijjpi  River,  307. 
Foundations  for  Heavy  Buildings  in  New  York,  479. 

CUMMINGS,  RoBEKT  A. 

Asphalt  Bottom  for  Dry  Dock,  97. 

High-Sjjeed  Filter,  62. 
DABXEY,  T.  G.     Discharge  of  the  Mississippi  River,  308. 

DAMS. 

"  Suggestions  for  a  New  Method  of  Dam  Building."     (With  Dis- 
cussion.)    Robert  Brewster  Stanton,  70. 
Rock-Fill—     R.  B.  Stanton,  70,  97;  S.  Whinery,  86;  L.  J.  LeConte, 
94;  A.  P.  Davis,  96. 
DAVIS,  A.  P.     New  Method  of  Building  Dams,  96. 
DENA^ER,  COLO. 

"Cost  of  Sewer  Construction  in—"     W.  W.  Follett,  102. 
"DISCHARGE  OF  THE  MISSISSIPPI  RIVER." 

Corresi^ondence  on  Pajjer  No.  765:  F.  P.  Spalding,  305;  Foster 
Crowell,  307;  T.  G.  Dabney,  308;  B.  M.  Harrod,  310;  W.  G. 
Price,  314;  Charles  H.  Miller,  316;  H.  St.  L.  Coppee,  319;  J.  B. 
Johnson,  321;  Arthur  Hider,  323;  C.  McD.  Townsend,  336; 
William  Starling,  358. 
DU  BOIS,  A.  J.  Transverse  Strength  of  Beams,  496. 
DUTTON,    CHAUNCEY   N.      Cost  of  Operating  Vessels  on  Inland 

Water-Ways,  19. 
"EFFECT    OF    DEPTH    UPON    ARTIFICIAL    WATE-RWAYS." 
Thomas  C.  Clarke,  1. 
Discussion:  Edward  P.  North,  6;  Chauncey  N.  Dutton,  19, 
Correspondence:    Richard   Lamb,    29;    L.    C.    Sabin,    31;    L.    J. 
Le  Conte,  35;  Lems  M.  Haupt,  35;  W.  J.  Babcock,  36;  Thomas 
T.  Johnston,  37;  T.  C.  Clarke,  38. 
EIDLITZ,     Leopold.     "The    Strength    of    Pillars.— An   Analysis." 

(With  Discussion.)     372,  422. 
ELECTRICITY. 

"  The  Twenty-eighth  Street  Central  Station  of  the  United  Electric 
Light  and  Power  Company."  H.W.York.  (With  Discussion.)  429. 
EMERY,  Chakles  E. 

Central  Electric  Station  Construction,  451. 
Transverse  Strength  of  Beams,  494. 

EMPERGER,  Fk.  von.     Tests  of  Fire-Proof  Flooring  Material,  133. 

FASCINES  FOR  BANK  PROTECTION.      See  Dnnk  Revetment  on  the 
Lower  Mississippi. 


FILTRATION    OF   WATER  V 

FILTEATIOX  OF  WATER. 

"  A  High-Speed   Gravity  Filter   Bed."      (With   Discussion.)     A. 

McL.  Hawks,  41. 
At  Tacoma,  Wash.     See  High-Speed  Gravity  Filter  Bed. 
Experiments  at  St.  Louis.     S.  Bent  Eussell,  55. 
Mechanical  Filters.     E.  B.  Weston,  57;  E.  A.  Cummings,  62. 
Effect  of—     on  death  rate.     J.  W.  Hill,  58. 
FIRE-PROOF  CONSTRUCTION. 

Strength   of—     Howard   Constable,   125;    Oscar   Lowinson,    128; 
George  A.  Just,  129;  J.  R.  Worcester,  130;  Fr.  von  Emperger, 
13.3;  George  Hill,  136. 
FITZGERALD,    DESiioxD.       "Flow     of     Water    in    48-In.    Pipes." 
(With  Discussion. )     241,301. 

FLOORS. 

Tests  of  Fire-Proof  Flooring  Material.      Discussion  on  Paper  No. 
769,  125. 
"FLOW  OF  WATER  IN  48-IN.  PIPES."    Desmond  FitzGerald,  241. 
Discussion:  E.  Sherman  Gould,  276. 

Correspondence:  Rudolph  Hering,   280;   L.  J.  Le  Conte,   284;  A. 
McL.  Hawks,  284;  Edmund  B.  Weston,  285;  George  W.  Rafter, 
291;  Clemens  Herschel,   296;  Desmond  FitzGerald,  301. 
FOLLETT,  W.  W.     "  Cost  of  Sewer  Construction  at  Denver,  Colo." 

(With  Discussion.)     102.121. 
FORMULAS.     Flow  of  Water  in  Pipes.      Desmond  FitzGerald,  256, 
301;   E.    Sherman   Gould,    276;    Rudolph   Hering,    280;   E.    B. 
Weston,  285;  Clemens  Herschel,  298. 
See  Strength  of  Pillars,  and  Transverse  Strength  of  Beams. 
FORTIN,  S.  J.     Transverse  Strength  of  Beams,  495. 

FOUNDATIONS. 

'< for  Heavy  Buildings  in  New  York  City."     Charles  Sooysmith. 

(With  Discussion.)    459. 
FRANKFORT,  GERMANY. 

River  Traffic  at—     E.  P.  North,  14. 

FREIGHT  RATES. 

In  Great  Britain  and  the  United  States.     E.  P.  North,  9. 
GOLDMARK,  Henky.     Cost  of  Denver  Sewers,  115. 
GOULD,  E.  Sheeman.     Flow  of  Water  in  48-In.  Pipes,  276. 
HAINS,  Peter  C.    Foundations  for  Heavy  Buildings  in  New  York  City, 
409. 

HARDY,  George  R. 

Comparison  of  Electricity  and  Steam  Locomotives  for  Railway 

Service,  453. 
Cost  of  Denver  Sewers,  117. 


VI  HARKIS,    R.    L. 

HAEEIS,  E.  L.      Foimdatious  for  Heavy  Buildings  in  New  York,  482. 
HAEEOD,  B.  M.     Discharge  of  the  Mississippi  Eiver,  310. 
HAUPT,  Lewis  M.     Ai-tificial  Waterways,  35. 

HAWKS,  A.  McL. 

Flow  of  Water  in  48-In.  Pipes,  284. 

"High-Speed  Gravity  Filter  Bed."     (With  Discussion. )     41,67. 

HAZEX,  Allen.     High-Speed  Filter,  60. 

HEXEY,  P.  W.     Asphalt  Concrete,  85. 

HEEING,  EuDOLPH. 

Asjjhalt  for  Eeservoir  Linings,  89. 

Flow  of  Water  in  Pipes,  280. 

Typhoid  Fever  and  Water  Supply,  54. 
HEESCHEL,  Cleiiens.     Flow  of  Water  in  Pipes,  296. 
HIDEE,  Aethur.     Discharge  of  the  Mississipisi  Eiver,  323. 
"  HIGH-SPEED  GEAYITY  FILTEE  BED."     A.  McL.  Hawks,  41. 

Discussion:  Eudolph  Hering,  54. 

Correspondence:  S.  Bent  Eussell,  55;  Edmund  B.  Weston,  57; 
John  W.  Hill,  58;  Allen  Hazen,  60;  Eobert  A.  Cummings,  62: 
A.  McL.  Hawks,  67. 

HILL,  George. 

Foundations  for  Heavy  Buildings  in  New  York,  477. 

Tests  of  Fire-Proof  Flooring  Material,  136. 
HILL,  John  W.     Water  Supply  and  Typhoid  Fever,  58. 
HUNT,  Eandell.     Foundations  for  Heavy  Buildings  in  New  York,  482. 

HYDEAULICS. 

"  Flow  of  W^ater  in  48-In.  Pipes."     Desmond  FitzGerald.     (With 

Discussion.)     241. 
"  The  Discharge  of  the  Mississippi  Eiver."     Correspondence  on 
Paper  No.  765,  305. 
JOHNSON,  J.  B. 

Discharge  of  the  Mississippi  Eiver,  321. 
Transverse  Strength  of  Beams,  504. 
JOHNSTON,  Thomas  T.     Eeasons  for  a  Ship  Canal  from  the  Great 
Lakes  to  the  Sea,  37. 

JUST,  George  A.     Tests  of  Fire-Proof  Flooring  Material,  129. 

LABOE. 

Comparative  Advantage  of  Day  and  Contract —  Henry  Gold- 
mark,  115;  FoHter  Crowell,  116;  George  E.  Hardy,  117;  Andrew 
Eosewatcr,  119;  L.  J.  Le  Conte,  119;  G.  T.  Nelles,  120  ;  W.  W. 
FoUett,  122. 

LAMB,  Ekiiaiu>.     Artificial  Waterways,  29. 


LAXDRETH.    WILLIAM    B.  VII 

LANDRETH,  William  B.     Cost  of  Denver  Sewers,  118. 
Le  CONTE,  L.  J. 

Artificial  Waterways,  35. 
Cost  of  Denver  Sewers,  119. 
Flow  of  Water  in  Pipes,  284. 
New  Method  of  Building  Dams,  94. 
LESLEY,  R.  W.     Tests  of  Fire-Proof  Flooring  Material,  127. 
LEVEES  ALONG  THE  MISSISSIPPI     C.  McD.  Townsend,  340. 
LEWINSON,  M.     "  Transverse  Strength  of  Beams  as  a  Direct  Func- 
tion of  the  Tensile  and  Crushing  Stresses  of  Material."     (With 
Discussion.)    484. 
LOWINSON,  Oscar.     Tests  of  Fire-Proof  Flooring  Material,  128. 
MACDONALD,  Chables.     Foundations  for  Heavy  Buildings  in  New 

York  City,  471. 
MARSTRAND,  O.  J.     Transverse  Strength  of  Beams,  492. 
MATTRESSES  FOR  BANK  PROTECTION.     See  Bank  Revetment  on 

the  Lower  Mississippi. 
METERS. 

Current  —     Rating.     F.    P.    Spalding,    305  ;    W.    G.    Price,    314 ; 
Arthur  Hider,  323. 
MILLER,  Charles  H.     Discharge   Observations   on   the  Mississippi 

River,  316. 
MISSISSIPPI  RIVER. 

Bank  Revetment  on  the  Lower  Mississippi.     H.   St.  L.   Coppee, 

141. 
Discharge  of  the  Mississipjji  River.      Correspondence  on  Paper 

No.  765,  304. 
Improvement  of  the  Upper  Mississippi.     E.  E.  Russell  Tratmau, 
223. 
M ORISON,  George  S.     The  Strength  of  Pillars,  418. 
NELLES,  G.  T.     Cost  of  Denver  Sewers,  120. 
NORTH,  Edward  P. 

Importance  of  Good  Artificial  Waterways,  6. 
New  Method  of  Building  Dams,  85. 

"  NOTES  UPON  THE  CONSTRUCTION  OF  A  WATER  SYSTEM 

for  Placer  Mining,  and  Suggestions  for  a  New  Method  of  Dam 

Building."     Rolx'rt  Brewster  Stanton,  70. 
Discussion  :    P.    W.    Henry,    85;   Edward   P.    Noi-th,   85;   Samuel 

Whinery,  86;  Robert  Cartwright,  87;  H.  D.  Bush,  87;  Rudolph 

Hering,  89;  John  C.  Trautwiue,  Jr.,  91. 
Corresi)ondence  :  L.  J.  Le  Coute,  94;  A.   P.  Davis,  96;  Roliert  A. 

Cummiugs,  97;  Robert  Brewster  Stanton,  97. 


VIII  PIEZOMETERS. 

PIEZOMETERS. 

Desmond  FitzGerakl,  247,  303;  Clemens  Herschel,  300. 

PILLARS. 

"The    Strength   of   Pillars. — An   Analysis."      Leopold   Eidlitz. 
(With  Discussion.)     371. 

PIPES. 

Laving    Wrought-Iron —       R.    B.     Stanton,    76 ;     Robert   Cart- 

wright,  87. 
"Flow   of  Water   in   IS-In.— "      Desmond    FitzGerald.       (With 

Discussion.)     241. 
Tuberculation  in —      Desmond  FitzGerald,  242;  L.  J.  Le  Conte, 

284;  A.  McL.  Hawks,  284. 
Coating  for  Water—     G.  W.  Rafter,  291. 
POST,  Geoege  B.     Foundations  for  Heavy  Buildings  in  New  York, 

471. 
PRICE,  W.  G. 

Bank  Revetment  on  the  Mississijjpi  River,  228. 
Use  of  Current  Meters,  314. 
PRICHARD,  Henby  S. 

Strength  of  Pillars,  415. 
Transverse  Strength  of  Beams,  500. 
PURDY,  C.  T.     Foundations  for  Heavy  Buildings  in  New  York,  475. 
RAFTER,  George  W.     Flow  of  Water  in  Pipes,  291. 
REVETMENT,  Bank. 

On  the  Mississippi  River.     (With  Discussion.)     H.  St.  L.  Coppee, 
141. 
RIVERS. 

Methods  of  Measuring  Discharge  of —      See  Discharge  of  the  Mis- 

sissijjpi  River. 
Revetment  of  Banks  of —     See  Bank  Revetmeut  on  the  Lower  Mis- 
sissippi. 

ROSEWATER,  Andrew.     Cost  of  Denver  Sewers,  119. 

RUSSELL,  S.  Bent.     High  Speed  Filter,  55. 

SABIN,  L.  C.     Artificial  Waterways,  31. 

"  SCIENCE  AND  ENGINEERING."      Thomas  Curtis  Clarke,  508. 

SEWERS  AND  SEWERAGE. 

"Cost  of  Sewer  Construction,  Dv3nver,  Colo."     (With  Discussion.) 
W.  W.  Follett,  102. 

Overflow,  Denver.     W.  W.  Follett,  103. 

Iron  Centers  for  Sewers,     W.  W.  Follett,  113. 

SIPHON. 

On  Sudbury  River  Aqueduct.     Desmond  FitzGerald,  241. 


SOOYSMITH,    CHARLES.  IX 

SOOYSMITH,  Chakles.  "  Concerning  Foundations  for  Heavy  Build- 
ings in  New  York  City."     (With  Discussion.)    459. 

SPALDING,  F.  B.     Discharge  of  the  Mississippi  Eiver,  305. 

STANTON,  EoBEBT  Beewster.  "  Notes  upon  the  Construction  of  a 
Water  System  for  Placer  Mining,  and  Suggestions  for  a  New 
Method  of  Dam  Building.      (With  Discussion. )     70,  97. 

STARLING,  William.     Discharge  of  the  Mississippi  River,  358. 

STEAMSHIPS. 

Cost  of  Operating—    On  Great  Lakes.     T.   C.   Clarke,  3;  C.  N. 

Dutton,  21. 
"STRENGTH  OF  PILLARS.— AN  ANALYSIS."      Leopold  Eidlitz, 

371. 
Discussion:  George  H.  Thomson,  411;  Walter  G.  Berg,  411;  Henry 

S.  Prichard,  415. 
Correspondence:  George  S.  Morison,  418;  Leopold  Eidlitz,  422. 

"TESTS  OF  FIRE-PROOF  FLOORING  MATERIAL." 

Discussion  on  Paper  No.    769:   Howard  Constable,    125;    R.    W. 
Lesley,  127;  Calvin  Tomkins,  128;  Oscar  Lowinson,  128;  George 

A.  Just,  129. 

Correspondence:  M.  J.  Butler,  130;  J.  R.  Worcester,  130;  Fr.  von 
Emperger,  133;  George  Hill,  136. 
THOMSON,  George  H.     The  Strength  of  Pillars,  411. 
THOMSON,  T.  Kennard.     Foundations  for  Heavy  Buildings  in  New 

York  City,  480. 
TOMKINS,  Calvin.     Tests  of  Fire-Proof  Flooring  Material,  128. 
TOWNSEND,  C.  McD.     Discharge  of  the  Mississippi  River,  326. 

TRANSPORTATION. 

Cost  of  —     On  Canals  and  Lakes.     See   Effect  of  Depth  upon  Arti- 
ficial Waterways. 
Freight  Rates  and  Ton  Mileage  on  Railroads.     Edward  P.  North,  7. 

"TRANSVERSE  STRENGTH  OF  BEAMS  AS  A  DIRECT  FUNC- 
tion  of  the  Tensile  and  Crushing  Stresses  of  Material."  M. 
Lewinson,  484. 
Discussion:  O.  J.  Murstrand,  492;  H.  W.  Brinckerhofif,  493 ; 
W.  H.  Breithaupt,  493;  Charles  E.  Emery,  494;  Guy  B.  Waite, 
494. 
Correspondence:  S.  J.  Fortin,  495;  A.  J.  Du  Bois,  496;  Charles 
O.  Brown,  498;  W.  E.  Belknap,  499;  Henry  S.  Prichard,  500;  J. 

B.  Johnson,  504;  M.  Lewinson,  506. 

TRATMAN,  E.  E.  Russell. 

Central  Electric  Station  Construction,  455. 
River  Imi^rovements,  223. 


X  TRAUTWINE,   JOHN    C,  JU. 

TKAUTWINE,  Johs  C,  Jr.     New  Method  of  Building  Dams,  91. 
•'TWENTY-EIGHTH    STREET    CENTRAL    STATION    OF     THE 
United  Electric  Light  and  Power  Company."     H.  W.  York,  429. 
Discussion:  Charles  E.  Emerv,  451;  George  R.  Hardv,  453;  E.  E. 

Russell  Tratman,  455. 
Correspondence:  H.  W.  Y'ork,  457. 
UNITED  ELECTRIC  LIGHT  AND  POWER  COMPANY. 

The  Twenty-eighth  Street  Central  Station.     H.  W.  York.     (Wilh 
Discussion. )     429. 
WAITE,  GcT  B.     Transverse  Strength  of  Beams,  494. 
WATERWAYS. 

' '  Effect  of  Depth  upon  Artificial  Waterways. "     (With  Discussion. ) 
Thomas  C.  Clarke,  1. 
WESTON,  Edmund  B. 

Flow  of  Water  in  Pipes,  285. 
High-Si^eed  Filter,  57. 
WHINERY,  Samuel.     Asphalt  for  Reservoir  Linings,  86. 
WORCESTER,  J.  R.     Tests  of  Fire-Proof  Flooring  Material,  130. 
YORK,  H.  W.     "The  Twenty-eighth  Street  Central  Station  of  the 
•United  Electric  Light  and  Power  Company."     (With  Discus- 
sion.)    429,  457. 
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